International 

Kimberlite 

Conference 


/ 


/ 


y 


Digitized  by  the  Internet  Archive 
in  2018  with  funding  from 
University  of  Alberta  Libraries 


https://archive.org/details/sixthinternation06inte 


SIXTH  INTERNA  TIONAL 
KIMBERLITE 
CONFERENCE 

Novosibirsk,  August  1995 


EXTENDED  ABSTRACTS 


RUSSIA 


ORGANIZING  COMMITTEE 


Additional  copies  and  other  volumes  associated  with  Conference 
may  be  purchased  from: 

United  Institute  of  Geology,  Geophysics  &  Mineralogy, 
Universitetsky  pr.  3,  Novosibirsk  90,  630090,  Russia 
TeL:  (007)  3832-354655 
Fax:  (007)-3832-352692 


Copyright  ©  1995  by  United  Institute  of  Geology,  Geophysics  and 
Mineralogy,  Siberian  Branch  of  Russian  Academy  of  Sciences 


All  Extended  Abstracts  in  this  volume  were  submitted  by  the  authors  in 
camera-ready  form.  There  has  been  no  editing  of  the  Extended  Abstracts  and 
they  have  not  been  subject  to  review.  The  Organizing  Committee  of  the  6th 
International  Kimberlite  Conference  takes  no  responsibility  for  authors  errors  and 
omissions. 


SIXTH  INTERNATIONAL  KIMBERLITE  CONFERENCE 


Organizing  committee 


Chairman:  N.V.  Sobolev  (Novosibirsk) 

Vice-Chairman:  B.A.Yatskevich  (Moscow) 
VAZharikov  (Moscow) 
V.M.Zuev  (Mirny) 

Secretary:  N.P.Pokhilenko  (Novosibirsk) 

International  Treasurer:  H.O.Meyer  (USA) 

Local  Treasurer:  0  AKozmenko  (Novosibirsk) 

Members:  V.P  Afanasyev  (Novosibirsk) 
V.PAreshchenko  (Novosibirsk) 
Y.M.Dauev  (Moscow) 

V.P. Grib  (Arkhangelsk) 

L.B.  Gurevich  (Moscow) 

B.V.  Oleinikov  (Yakutsk) 

A.  F. Safronov  (Yakutsk) 

B. N.Scorik  (Kokchetav) 
V.S.Shatsky  (Novosibirsk) 

A. V. Sinitsyn  (St.  Petersburg) 

V.l. Vaganov  (Moscow) 

R.l. Volkov  (Moscow) 

N.N. Zinchuk  (Mirny) 


Author  Index 


Afanasiev  V.P 

1.32,287,657 

Burgess  S.R. 

83,86 

Ahmed  Z. 

4 

Burlini  L. 

95 

Altukhova  Z.A. 

5 

Canil  D. 

611 

An  V.V. 

132 

Carlson  J.A. 

98,158 

Andre  L. 

17,20,146 

Carlson  R.W. 

427 

Araujo  D  P 

181 

Cartigny  P. 

578 

Arima  M. 

8,11,669 

Carvalho  J.B. 

101,320 

Armstrong  K.A 

14 

Chashka  A  1. 

104,413,541,606 

Ashchepkov  I  V. 

17,20,95,249 

Chatterjee  B. 

106,266 

Ashley  R.M. 

98,158 

Chepurov  A.A. 

31 

Avdeyev  A.V. 

496 

Chepurov  A.  1. 

109,626 

Avery  R.W. 

543 

Cherny  S.D 

592 

Azbel  K.A. 

496 

Chevallier  L. 

110 

Babeyko  A.Yu. 

561 

Chinn  I.L. 

113,116,359 

Babich  Y.V. 

23 

Clayton  R.N 

41 

Babushkina  S.A. 

25 

Clayton  R.N. 

549 

Bagdasarov  E.A. 

28 

Coleman  R.G 

687 

Bagryantsev  D.G. 

31 

Compston  W. 

285 

Ballhaus  C. 

356 

Coopersmith  H.G. 

.118 

Balykin  P.A. 

449 

Crozaz  G. 

549,625 

Banzeruk  VI. 

32,287 

Daniels  L.R.M. 

121,289,292 

Barankevich  V.G. 

564,  569 

Dautria  J.M. 

44 

Barashkov  Y.P. 

•5,34 

Dawson  J.B. 

124 

Barton  E.S. 

37 

Deines  P. 

126,549 

Baryshev  AS. 

38 

Demaiffe  D. 

129,146 

Baumgartner  M.C. 

40 

Devyatkin  V.N. 

132 

Beard  B.  L. 

41,549 

Dino  R. 

323 

Bedini  R.M. 

44 

Dneprovskaya  L.R. 

564,566 

Bekmukhametov  A.E. 

47 

Dobrzhinetskaya  L.F. 

452 

Bekmukhametova  Z.A. 

47 

Dobson  D. 

269 

Bell  D.R. 

50,52,546 

Doroshev  AM. 

135,643 

Bershov  L.V. 

187,389 

Dreibus  G. 

138,141 

Bizzi  L.  A. 

55,436 

Duchkov  A.D. 

143 

Bobrievich  A.P. 

104 

Dummett  H.T. 

158 

Bodinier  J.L. 

44 

Egorov  K.N. 

152,566 

Bogina  M.M. 

506 

Etemova  T.E. 

311 

Borisov  A.V. 

410 

Elfadili  S. 

146 

Borzdov  Yu.M. 

135,415 

Erinchek  Yu.M. 

149 

Botova  M. 

680 

Ernst  W.G. 

687 

Bottazzi  P. 

700 

Fedorov  l.l. 

109 

Boyd  F.R. 

57,239,424,427,524 

Feldman  A.A. 

649 

Boyd  S.R. 

225,228 

Feoktlstov  G.D. 

152 

Boyko  A  N. 

649 

Field  M. 

155 

Brakhfogel  F.F. 

37,60,63,275,678 

Fipke  C.E. 

158 

Brenker  F. 

66 

Fitzsimmons  1. 

242 

Brey  G.P. 

66,80,138,169,263,308,333,356,643 

Foley  S.F. 

161,164,700 

Bristow  J.W. 

69 

Fomin  A.S. 

167 

de  Bruin  D. 

71,121 

Foumelle  J.H. 

371 

Budaev  D.A. 

650 

Franz  L. 

169,308,333 

Bui  A.N. 

449 

Fraracci  K.N. 

41 

Bulanova  G.P. 

74,77,191,231,384.608 

Fricke  K. 

356 

Bulatov  V.K. 

80 

Gababotse  J. 

155 

Burgess  R. 

89,92 

GaftM. 

172 

Garanin  V.K. 

175,177 

Ivanov  M.V. 

396 

Garrit  D. 

179 

Ivanova  V'.l. 

254 

Gaspar  J.C. 

181.184,498 

Ivlev  R.R. 

496 

Gibson  J.G. 

155 

Jacob  D.E. 

257 

Gibson  S.A. 

320 

Jagoutz  E. 

141,205,257,512 

Girnis  A.V. 

80,138,356 

James  D. 

124 

Golubev  Yu.K. 

649 

Janse  A.J.A.(Bram) 

260 

Gonzaga  G.M. 

184 

Jarick  J. 

263 

Gopalan  K. 

307 

Jelinek  E. 

371 

Gorshkov  A.I. 

187 

Jenner  G.A. 

164 

Gossler 

703 

JhaN. 

106,266 

Graham  C.M. 

83 

Jones  A.P. 

269 

Green  R.W.E. 

188,656 

Jones  M.Q.W. 

188 

Grib  V. 

487 

Kagan  B. 

172 

Griffin  B.J. 

74, 191,1 98,266,275,623,631 

Kameristova  S.G. 

496 

Griffin  W.L. 

118,179,194,196,201,203 

Kaminsky  F. 

194 

362,407,476,487,575 

Kampala  M. 

129 

Grosch  U. 

353 

Kamperman  M. 

623 

Gubar  A.Y. 

254 

Kasimova  F.l. 

705 

Gunther  M. 

205 

Keller  J. 

263 

Gurney  J.J. 

40,50,52,113,116,121,158, 

Kelley  S.P. 

424 

196,203,208,211,231,233 

Kern  H. 

95 

236,277,279,289,292,359 

Khachatryan  G. 

680 

368,614,617 

Khan  M.W.Y. 

106 

Gurney  J.L. 

211 

Kharkiv  A.D. 

271,273,305,555,566 

Gusak  S.N. 

643 

Khiltova  E.Yu. 

396 

Haggerty  S.E. 

126,214,217 

Khokhryakov  A. F. 

135,415 

Halliday  A.N. 

124,549 

Khujwe  P. 

155 

Hanna  S.H. 

220 

KindR. 

703 

Harris  C. 

279 

Kinny  P.D. 

198,275 

Harris  J.W. 

208,242,441,578 

Kirkley  MB. 

98,158,231,277 

Harte  B. 

83,86,242,617 

Kisilev  A.I. 

569 

Hawkesworth  C  J. 

430 

Kiviets  G.B. 

279,617 

Heaman  L.M. 

223 

Kleyenstueber  A. 

292 

van  Heerden  L.A. 

225,228,231 

Knyaz'kov  A.P. 

105 

Heimstaedt  H.H. 

14,233 

Knyazev  G.l. 

606 

Hertogen  J. 

129 

Kolebaba  M  R. 

98 

Hildebrand  P.R. 

236 

Kolesnik  Yu.N. 

282 

Hill  S.J. 

277 

Konev  A.A. 

152 

Hoal  B.G. 

239 

Konzett  J. 

164,285 

Hoal  K.E.O. 

239 

Koptil  V.l. 

32,287,657 

Hoang  H.T. 

449 

Kopylova  M.G. 

289,292 

Hoang  V.H. 

449 

Kornilova  V.P. 

295,307 

Holopova  E.V. 

345 

Kosarev  G.L. 

656 

Hops  J.J. 

86 

Kostrovitsky  S.l. 

298,301,303 

Horn  1. 

161 

Kovalevski  A.Ph. 

496 

Hutchison  M.T. 

242 

Kozmenko  O.A. 

512 

Hutchison  R. 

387 

Kruchkov  A.I. 

287,305 

IjewliwO.J. 

245 

Krylov  S.V. 

592 

Ilupin  I.P. 

248 

Kumar  A. 

307 

Inoue  M. 

8 

Kurszlaukis  S. 

308,333 

Ionov  D  A. 

249 

Kuznetsova  L.G. 

650 

Irving  A.J. 

430 

Kvasnitsa  V.N. 

32 

Ishbulatov  R.A. 

252 

van  der  Laan  S.R. 

161 

Ivanov  A.A. 

254 

Lapushkov  V. 

680 

Lashenov  V.A. 

492 

Milshtein  E  D. 

149 

Lavrova  L.D. 

311 

Mineeva  R.M. 

389 

Laz*ko  E.E. 

462,506 

Mitchell  R.G. 

301 

Le  Roex  A.P. 

50 

Mitchell  R.H. 

223,390 

Leahy  K 

314 

Moore  R.O. 

50,52,98,158,196, 

Lebed  N.l. 

606 

Mordvinova  V.V. 

569 

Lee  D.C. 

198,317 

Moreau  J. 

129 

Letyukh  M  l 

399 

Moroz  I.S. 

254 

Leonardos  O  H. 

101,320,323,600 

Morten  L. 

44 

Letnikov  F  A. 

326 

Muller  M. 

188 

Liou  J.G. 

328,687 

Muller  W.F. 

66 

Lipskaya  V  I. 

564 

Nadezhdina  E.D. 

311,452 

Litasov  K.D. 

17,20 

Nash  W.P. 

393 

Liu  G. 

684 

Nasurdinov  T.G. 

32 

Logvinova  A  M. 

331 

Nenashev  N.l. 

63 

Lorenz  V. 

333 

Ngo  T.P. 

449 

Loubser  J.M. 

653 

Nguyen  T.Y. 

449 

LuF. 

336,690 

Nicolaysen  L.O. 

656 

Luchin  A  M. 

1 

255 

Nikitina  L.P. 

396,535 

Lukiyanova  L.l. 

28,410 

Nikulin  V.l. 

399 

Macdonald  1. 

198 

Nixon  P.H. 

623 

MacFadyen  D.A. 

260 

Norton  D. 

402 

Maholkin  I.L. 

339,342 

Novak  N.A. 

260 

Makhin  A.I. 

558 

O’Neill  H.St.C. 

362 

Markov  B.A. 

•345 

O'Reilly  S.Y. 

179,194,203,249.407,487 

Malkovets  V.G. 

17,20 

Ogasawara  Y. 

328 

Mamonov  Ye.P. 

496 

Ohtani  E. 

669 

Manakov  A.U. 

348 

Okrusch  M. 

169 

Marakushev  A.A. 

350 

Oleinikov  B.V. 

406 

Marfunin  A.S. 

187,389 

Oleinikov  O.B. 

307,404 

Mashak  J.M. 

410 

Olofinsky  L.N. 

649 

Massone  H.J. 

353 

Ong  N. 

460 

MatsevK. 

680 

Orlov  D.M. 

41 C 

Mattey  D.P. 

92,623,700 

Orlova  M.P. 

410 

Mattioii  G.S. 

52 

Orr  R.G. 

543 

Matveev  S. 

356 

Otter  M.L. 

208 

Matveev  V.D. 

592 

Padmakumari  V.M. 

307 

Mayeda  T.K. 

41,549 

Pal’yanov  Yu.N. 

135.415,628 

McCallum  M.E. 

113,118,359 

Palkina  E.Yu. 

413 

McCammon  C.A. 

359,365 

Paneyakh  N.A. 

350 

McCandless  T.E. 

365,368,393,402 

Panina  L.l. 

418,421.449 

McDonald  J.A. 

444 

Parasotka  B.S. 

592 

Medaris  L.G. 

371 

Paslick  C. 

124 

Melnyk  W. 

444 

Pearson  D.G. 

57,239,424.427,430,524 

Mendelssohn  M.J. 

374 

Pearson  G.D. 

549 

Meng  Q. 

690 

Pearson  N.J. 

476 

Menshagin  Yu.V. 

377,492 

Pell  J.A. 

245,433 

Menzies  A.H. 

121 

Perdoncini  L.C. 

436 

Menzies  M.A. 

690 

Pertsev  N.N. 

350 

Meyer  H.O.A. 

379,427 

Petehnikov  V.A. 

311,439 

Mikhailov  M.V. 

149 

Petersen  N.V. 

656 

Milashev  V.A. 

382 

Petrova  M.A. 

311 

Milledge  H.J. 

77,1 1 3,1 1 6,228,269,279,31 7, 

Phillips  D. 

441 

374,379,384,387,518,608 

Pillinger  C.T. 

225,228,387,518 

611,614,617,620,623,680 

Pokhilenko  L.N. 

628 

Pokhilenko  N.P. 

57,424,444,524,555 

Polyakov  G.V. 

44® 

Ponomarenko  A.I. 

462 

Pooley  G.D. 

198,266 

Popolitov  K.E. 

566 

Posukhova  T.V. 

175,177,452 

Presnall  D.C. 

11 

Prikhod’ko  V.S. 

455 

Prusakova  N.A. 

649 

Ryabchikov  I.D 

706 

Quick  J.E. 

506 

RabeR. 

269 

Rapp  R.P. 

457 

Read  G.H. 

52 

Reddicliffe  T.H. 

317,460 

Reimers  L.F. 

558 

Richardson  S.H. 

121,279 

Rickard  R.S. 

208,292 

Rissanen  J. 

198 

Robertshaw  P. 

543 

Roden  M.F. 

462 

Roeder  P.L. 

14 

Rogers  N.W. 

430 

Rogovoi  V.V. 

305 

Romanov  N.N 

465,698 

Romashkin  A.I. 

467 

Rombouts  L. 

470 

Rudnick  R.L. 

473 

Ryan  C.G. 

118,194,201,203,476,487 

Ryan  C.J. 

196 

Rylov  G.M. 

479 

Sablukov  L. 

487 

Sablukov  S.M. 

481,487,515,342 

Sablukova  L.l. 

484 

Safronov  A.F. 

273,295,307,490,675,678 

Sarelainen  B.V. 

506 

Savrasov  D.l. 

695 

Schulze  D.J. 

52,546 

Scott-Smith  B.H. 

317,543 

Sekerin  A.P. 

377,492 

Seleznev  V.S. 

592 

Selivanova  V.V. 

494 

Seltverstov  K.V. 

496 

Serenko  V.P. 

167,462,650 

Sgarbi  P.B.A. 

498 

Shadenkov  E.M. 

410 

Shadrina  V.A. 

452 

Shakhov  G.P. 

500 

Shamshina  E.A. 

503 

Sharkov  E.V. 

506 

Sharygin  V.V. 

449,509 

Shatsky  V.S. 

512,687 

Shchukin  V.S. 

515 

Shebanin  A.P. 

628 

Shee  S.H. 

362 

Shelkov  D. 

387,518 

Shigley  J.E. 

521 

Shimizu  N. 

50,52,524,526 

Shirey  S.B. 

427 

Shkodzinsky  V.S. 

529 

Shoval  S. 

172 

Simakov  S.K 

28,396,532,535 

Sivtsov  A.V. 

187 

Skinner  E.M.W. 

653 

Smelova  G.B. 

538 

Smelova  L.V. 

410 

Smirnov  G.l. 

105,413,541,606 

Smirnov  S.G. 

541 

Smith  Chris  B. 

106,266 

Smith  Craig  B. 

55,188,308,430,546 

Snyder  G.A. 

41,549,552,555,625 

Soares  P.C. 

436 

Sobolev  E.V. 

479,680 

Sobolev  N.V. 

23,41,57,194,257,331, 

446,512,526,541,549, 

552,555,558,625,687 

Sobolev  S.V. 

561 

Sobolev  V.N. 

41,549,552,555,625 

Sokol  A.G. 

135,415 

Sokolov  Yu.M. 

396 

Sokolova  L.S. 

143 

Soloviev  V.M. 

592 

Solovjeva  L.V. 

564,566,569 

Solyanik  V.A. 

681 

Sonin  V.M. 

109 

Sorowka  A. 

257 

Speransky  A.V. 

389 

Spetsius  Z.V. 

572,575,698 

Stachel  T. 

333,578 

Stanistreet  I.G. 

333 

StawtcevA.L. 

254 

Stepashko  A.A. 

581 

StolzJ. 

339 

Stmad  J.G. 

583 

Sueno  S. 

663,666 

Surin  T.N. 

586 

Surkov  N.V. 

589 

Sutherland  F.L. 

379 

Suvorov  V.D. 

592 

Suvorova  L.F. 

303 

Sweeney  R.J. 

164,285 

Sychkin  G.N. 

595 

Tainton  KM. 

597 

Takahashi  E. 

663,666 

Tal’nikova  S.B. 

603 

Tallarico  F.H.B. 

600 

Taniguchi  T. 

269 

Tarasyuk  O.N. 

413,541,606 

Taylor  L.A. 

41,549,552,555,625 

Taylor  W.R. 

113,116,191,231.269.279, 

Wang  W. 

663,666 

292,314,317,384,460,608 

WankeH. 

141 

611,614,617,620,623,631 

Ward  L.M. 

317 

Teixeira  N.A. 

184,323 

Weis  D. 

129 

Thompson  R.N 

320 

Widmer  R 

561 

Thvetnov  A.V. 

254 

Wilkes  T.A. 

155 

Timirshin  K.V. 

592 

Williams  I  S. 

37 

Titkov  S.V. 

187,389 

Win  T.T. 

118,196,476,487 

Tomilenko  A.A. 

628 

deWitM.J 

55 

Tompkins  L.  A. 

460 

Woods  P.A. 

116,384,617 

Tomshin  M.D. 

406 

Xia  W 

336 

Tran  Q.H. 

449 

Xu  Y. 

690 

Tran  T.H. 

449 

Yamashita  H 

669 

Trautman  R.L. 

631 

Yanygin  V.V. 

672 

Treschin  N.N. 

496 

Yefimova  E.S 

512,526,558 

Truckenbrodt  J 

356 

Yurimoto  H 

666 

Tsibulya  L  A. 

634 

Yurin  Yu.A. 

592 

Tsyganov  V.  A. 

Turkin  A.I. 

637,640 

Yurjeva  0. 

680 

135,643 

Zaitsev  A.I 

63,675,678 

Turner  G. 

89,92 

Zakharchenko  0  D 

558,680 

Turner  P.H. 

384 

Zakusennyi  V.l. 

38 

Urumov  J.D. 

38 

Zaiishchak  B  L 

681 

Urumova  G.l. 

646 

Zaritski  A.I 

104 

Usova  L.V. 

558 

Zeilic  B.S. 

682 

Vaganov  V.l. 

648,649 

Zhang  H. 

336,690 

Valley  J.W. 

83 

Zhang  P. 

684 

Vannucci  R. 

700 

Zhang  R.Y 

328,687 

Varlamov  V.A. 

649 

Zhao  L. 

336,690 

Vasilenko  V.B. 

650 

Zheng  J. 

336,690 

Vavilov  M.A. 

512 

Zherdev  P.U. 

342 

Verchovsky  A.B. 

387,518 

Zhitkov  A  N. 

692,695 

Viljoen  K.S. 

188,546,653 

Zhuravlev  D.Z. 

339,342 

Vinnik  L.P. 

656 

Ziegenbein  D. 

356 

Vishnevsky  S.A. 

657 

Zinchuk  N.N. 

32,167,287,650,698 

Vladimirov  B.M. 

152 

Zinngrebe  E. 

700 

Vladykin  N.V. 

660 

Zotov  I.A. 

350 

Von-der-Flaas  G.S. 

399 

Zudin  N.G. 

34 

Vu  V.V. 

449 

Zuev  V.M. 

696 

CONTENTS 


Geological-mineralogical  system  of  searching  for  diamond  deposits . . . 1 

A  kimberlitic  lamprophyre  and  associated  alkalic  basaltic  rocks  from  Pishin  District,  Pakistan . 4 

Reasons  of  variations  of  individual  diamond  crystals  and  petrogenetic  blocking  of  rocks  in  Udachnaya  pipe . 5 

High  pressure  experimental  study  on  growth  and  resorption  of  diamond  in  kimberlite  melt . 8 

Melting  experiments  on  the  join  diopside-magnesite  at  7  GPa  and  their  bearing  on  the  genesis  of 

kimberlite  magmas.. . : . 11 

The  spinel  mineralogy  of  the  Cl 4  kimberlite,  Kirkland  Lake,  Ontario,  Canada.  .. . . 14 

Origin  and  evolution  of  mantle  melts  beneath  Vitim  Plateau.  .. . . . . . 17 

Stratification  of  upper  mantle  column  beneath  Vitim  Plateau  in  Miocene  and  Quaternary . . . 20 

Rutiles  from  eclogite  xenoliths  of  Roberts  Victor  kimberlite  pipe  (S. Africa)... . 23 

Some  phlogopite  formation  stages  (on  the  example  of  study  of  phlogopite  from  the  pipe  Mir).... . 25 

Mineralogical  and  geochemical  features  of  new  province  of  alkali-ultramafic  lamprophyres,  lamproites  and 
kimberlites  of  the  Kola  peninsula  and  Northern  Karelia . . . . . . . . . . . . . 28 

Experimental  study  of  fluid  conditions  of  diamond  growth............ . . . . . . . 31 

Comprehensive  study  of  diamonds  from  difficult-to-dress  source  material . 32 

Composition  of  garnets  with  diamond  inclusions  from  Krasnopresnenskaya  kimberlite  pipe,  Yakutia . 34 

U-Pb  zircon  age  for  carbonatite  and  alkali-pikrite  pipes,  Orto-Yiarga  Field  (Yakutia),  Russia . . . 37 

Technique  of  a  prognosis  and  prospering  of  diamond's  host  rocks  on  the  south  of  Siberian  platform . 38 

The  petrology  and  geochemistry  of  a  polymict  xenolith  from  the  Kimberley  Area,  South  Africa . . . ...40 

Eclogites  from  the  Mir  kimberlite,  Russia:  evidence  of  an  archean  ophiolite  protolith . . . 41 

Superimposed  metasomatic  processes  in  the  lithospheric  mantle  beneath  the  East  African  rift: 
a  single  melt  source?.... . . . . . . . . . . . . . ......44 

Petrology  of  carbon  fractionization  and  geodinamic  of  its  metamorphism  during  the  diamonds  formation . 47 

Compositional  evolution  of  the  Monastery  megacrysts  and  parent  magma................ . . . . . . . 50 

Geochemistry  of  Cr-poor  megacrysts  from  the  Lace  (Group  II)  kimberlite,  South  Africa..... . . . . . 52 

Isotope  composition  of  the  sub-continental  lithosphere  underlying  the  SW  Sao  Francisco  craton 

margin,  Brazil:  clues  to  the  origin  of  EMI-type  enriched  mantle  revervoirs... . . . . . . . 55 

Peridotite  xenoliths  from  Udachnaya  kimberlite  pipe . . . . 57 

The  age  division  of  the  kimberlitic  and  related  magmatites  in  the  N.-E.  of  the  Siberian  platform 

(methods  and  results) . . . . . . . . . .  . . . . .60 

Isotopic  dating  of  kimberlite  and  related  rocks  in  the  N.-E.  the  Siberian  platform... . . . . . . . 63 


Microstructures  in  minerals  from  the  garnet  Iherzolite  body  Alpe  Arami  (Central  Alps)-Eyewitnesses 

of  upper  mantle  conditions  and  uplift  history . 66 

The  proterozoic:  its  role  in  diamond  petrogenesis  and  the  emplacement  of  mantle  derived  intrusives . 69 

Clinopyroxene  megacrysts  from  the  Kalkput  kimberlite:  a  group  2  kimberlite  from  the  Prieska  group 

of  kimberlites . 71 

The  origin  of  complex  "Agate”  textures  in  octahedral  diamonds  from  kimberlites . 74 

Origin  and  history  of  growth  of  microdiamonds  from  Yakutian  kimberlites . 77 

Anhydrous  partial  melting  of  spinel  Iherzolites  from  3,5  to  20  kbar:-  composition  of  partial  melts . 80 

Oxygen  isotope  composition  of  metasomatised  mantle  peridotite  xenoliths  -  a  laser  f I uori nation  and 

ion  microprobe  study . 83 

Irregular  compositional  zoning  in  garnets  from  metasomatised  high-temperature  peridotites  from  the 
Jagersfontein  kimberlite  pipe .  86 

Halogen  composition  of  mantle  fluids  in  diamonds . . . . . . . . . 89 

Helium,  argon  and  carbon  isotope  constraints  on  the  formation  of  cubic  and  polycryslalline  diamond . 92 

Seismic  properties  of  continental  mantle  xenoliths  at  the  garnet-spinel  transition.  An  experimental  study . 95 

Geology  and  exploration  of  kimberlites  on  the  BHP/DIA  MET  Claims,  Lac  de  Gras  region,  Northwest 

Territories,  Canada . . . . . . . . . . . . . . . . . ..98 

Preliminary  geothermobarometric  and  metasomatism  studies  on  mantle  xenoliths  of  kimberlites 

and  associated  rocks  from  the  Alto  Paranaiba,  SE  Brazil . . . . . . . . . . 101 

Kimberlite  magmatism  of  the  Ukraine.. . . . . . . . . . . . . . . . . . . . 104 

Kimberlites  of  Southeastern  Raipur  kimberlitic  field,  Raipur  District,  Madhya  Pradesh,  Central  India . 106 

Experimental  simulation  of  diamond  genesis....... . . . . . . . . . . . . . 109 

Distribution  and  tectonics  of  kimberlites;  a  craton  /  off  cratonstudy  from  South  Africa.. . . . 110 

COrbearing  diamonds  from  the  George  Creek  K1  kimberlite  dyke  of  the  Colorado-Wyoming 
State  Line  District . . . . . . . . . . . .....113 

Cathodoluminescence  of  CO^bearing  and  CCLrfree  diamonds  from  the  George  Creek  K1  kimberlite 

dyke,  Colorado-Wyoming  State  Line  District . . . . . . . 116 

Trace  elements  in  garnets  and  chromites  from  Colorado-Wyoming  kimberlites  as  a  guide  to  exploration . 118 

Diamondiferous  garnet  macrocrysts  in  the  Newlands  kimberlite,  South  Africa-  Rosetta  stones  from 

the  Kaapvaai  craton . . . 121 

Thermal  anomaly  in  the  upper  mantle  beneath  a  propagating  continental  rift:  evidence  from  mantle 

xenoliths  from  the  Labait  volcano,  Northern  Tanzania.................... . . . . . . . . . . . 124 

Small  scale  oxygen  isotope  variations  in  ultradeep  (>300  km)  and  transition  zone  xenoliths . 126 

The  Kundelungu  kimberlites  (Shaba,  Zaire)  petrology  and  geochemistry  (trace  elements  and  radiogenic 
isotopes):  a  review.. . 129 

Permafrost-thermal  conditions  of  kimberlite  tubes  of  Yakutia . . . . . 132 


Experimental  investigation  of  joint  crystallization  of  diamond  with  minerals  of  eclogites  and  peridotites  135 

The  role  of  carbon  dioxide  in  the  generation  and  enplacement  of  kimberlite  magmas:  new  experimental  data 
on  CO2  solubility . . . 138 

Water  in  the  earth's  mantle . . . 141 

Thermal  structure  of  lithosphere  of  Siberian  platform . . . 143 

Origin  of  eclogite  nodules  from  the  Mbujii  Mayi  kimberlites  (Kasai,  Zaire):  subducted  ancient  oceanic  crust? . 146 

Conceptual  approach  to  the  problem  of  spatial  distribution  of  different-rank  kimberlite  shows  at  ancient 
platforms.... . 149 

Kimberlite  and  lamproite  comparative  petrogeochemistry . 152 

The  geology  of  the  Orapa  A/K1  kimberlite,  Botswana:  further  insight  into  the  emplacement  of  kimberlite 

pipes . 155 

History  of  the  discovery  of  diamondiferous  kimberlites  in  the  Northwest  Territories,  Canada . . . 158 

Experimental  melting  reactions  in  amphibole-  and  phlogopite-bearing  mantle  vein  assemblages  and 

the  trace  element  compositions  of  derived  partial  melts . . . 161 

Trace  element  partitioning  in  natural  phlogopite-  and  K-richterite-bearing  xenoliths  from  Southern  African 
kimberlites . . . . 164 

Three  series  of  kimberlite  bodies  from  the  Daldyn  -Alakit  region  of  Western  Yakutia . 167 

Metasomatic  reequilibration  of  mantle  xenoliths  from  the  Gibeon  kimberlite  province  (Namibia) . 169 

Laseroluminescent  sorting  and  identification  of  diamonds . 172 

Morphology  and  growth  history  of  diamonds  in  Arkhangelsk  kimberlite  pipes . . . 175 

Typomorphism  of  microcrystalline  oxides  from  kimberlite  groundmass  in  Arkhangelsk  kimberlite  province . 177 

Archean  and  Proterozoic  mantle  in  West  Greenland . . . . . . .....179 

Reaction  products  of  carbonatite  with  ultramafic  rocks  in  the  Catalao-I  Complex,  Brazil:  possible 

implications  for  mantle  metasomatism . . . . . 181 

Geotectonic  considerations  on  primary  diamond  sources  in  mobil  belts. . . . . . . . 184 

Native  metals  Cr,  Ni  and  a-Fe  in  cryptocrystalline  diamonds  (carbonado)  from  Yakutia . 187 

Progress  towards  understanding  the  Kaapvaal  lithosphere:  geophysical  and  geochemical  perspectives . . . .188 

CL  and  FTIR  mapping  of  nitrogen  content  and  hydrogen  distribution  in  a  diamond  from  the  Mir  pipe  - 
constraints  on  growth  history . . ^ . 191 

Mapping  the  Siberian  lithosphere  with  garnets  and  spinels. . . . . . . . . . . . 194 

Geochemistry  of  magnesian  ilmenite  megacrysts  from  Southern  African  kimberlites . . . . . 196 

A  new  diamondiferous  eciogite-bearing  kimberlitic  occurrence  from  Finland . . . . . . . 198 

Trace  elements  in  indicator  minerals:  area  selection  and  target  evaluation  in  diamond  exploration . . . . . ....201 

Lithosphere  evolution  beneath  the  Kaapvaal  craton:  200-80  MA. 


.203 


Ages  and  processes  as  reported  by  isotopes  of  kimberlite  derived  low  temperature  Iherzolites . 205 

Jwaneng  diamond  inclusions . 208 

Garnet  and  ilmenite  from  some  Premier  kimberlite  intrusives . 211 

Petrochemistry  of  ultradeep  (>300  km)  and  transition  zone  xenoliths . 214 

Carbonado,  clathrate  and  cavitation:  a  model  for  the  acoustic  induction  of  diamond . 217 

The  problem  of  diamondbearing  in  Syria . 220 

Constraints  on  the  emplacement  age  of  Yakutian  province  kimberlites  from  U-Pb  perovskite  dating . 223 

The  carbon  and  nitrogen  isotope  characteristics  of  Argyle  and  Ellendale  diamonds . 225 

The  fractionation  of  nitrogen  and  carbon  stable  isotope  ratios  in  Western  Australian  diamonds . 228 

Comparison  of  physical,  spectroscopic  and  stable  isotope  characteristics  of  Roberts  Victor  diamonds . 231 

Kimberlites  -  why,  when  and  where?  A  hierarchy  of  geotectonic  controls . 233 

Lithosphere  evolution  in  rifted,  craton  and  mobil  belt  environments  from  Zimbabwe  and  implication  for 

diamond  prospectivity . 236 

Tectonic  setting  and  mantle  composition  inferred  from  peridotite  xenoliths,  Gibeon  Kimberlite  field,  Namibia . 239 

Inferences  on  the  exhumation  history  of  lower  mantle  inclusions  in  diamonds . . . 242 

The  petrology  of  pre-orogenic  alkaline  and  ultramafic  lamprophyre  diatremes  in  the  Cordillera  near 

Golden,  Southeastern  British  Columbia.... . 245 

Geochemical  and  mineralogical  pecularities  of  different-age  kimberlites  of  Siberian  province . . 248 

Plagioclase-bearing  Iherzolite  xenoliths  in  alkali  basalts  from  Hamar-Daban,  Southern  Baikal  region,  Russia . 249 

Experimenral  investigation  on  the  interaction  of  carbonate  melts  with  upper  mantle  rocks . 252 

DCGF©METHOD  -  a  new  method  for  forecasting  and  search  for  deposits  of  diamonds . 254 

Isotopic  analysis  (Sm/Nd,  Rb/Sr  and  U/Pb)  of  single  subcalcic  garnet  grains  from  Yakutian  kimberlites . . . 257 

Discovery  of  a  new  type  of  highly  diamond  if  erous  kimberlitic  rock  in  the  James  Bay  Lowlands,  northern 

Ontario,  Canada . . . . . . . . . . . . . . . ...260 

Isotopic  and  chemical  composition  of  mega-  and  phenocrysts:  evidence  for  the  petrogenesis  of  the  Hegau 
volcanic  province . 263 

Diamonds  from  kimberlites  of  Southeastern  Raipur  kimberlite  field,  Raipur  District,  Madhya  Pradesh, 

Central  India . 266 

Experimental  nucleation  and  growth  of  diamond  from  carbonate-grafite  systems . . . 269 

Two  series  of  megacrysts  from  kimberlites  of  the  Verkhnemunskoye  field  (Republic  of  Sakha) . 271 

Composition  inhomogeneity  of  kimberlitic  garnet  nodules  as  an  indicator  of  their  metasomatism  and 

desint$g  ration . 273 

Shrimp  U/Pb  ages  of  perovskite  and  zircon  from  Yakutian  kimberlites . . . 275 

Diamond  mining  on  kimberlite  dikes  of  South  Africa . . . 277 


.279 


A  detailed  geochemical  study  of  a  suite  of.diamondiferous  eclogite  xenoliths  from  the  Kaalvallei 
kimberlite,  South  Africa . . . . . . 


Genetic  classification  of  pyropes  of  the  ultramafic  rocks . 

The  correlation  of  kimberlite  activity  with  mantle  metasomatism . 

Typomorphism  of  diamonds  from  kimberlite  bodies  and  placers  of  the  Yakutian  diamondiferous  province. 

Mineral  inclusions  in  diamonds  from  the  River  Ranch  kimberlite . 

The  first  finding  of  Cr-Sr-loparit e-type  and  Cr-chevkinite-type  minerals  in  diamonds . 

Kimberlites  of  Yakutia  and  South  Africa.  Aspects  of  comparative  study . 

Petrochemical  and  geochemical  features  of  kimberlites  of  North-Russian  province . 


The  trends  of  variability  of  garnet  megacryst  composition  from  diamond-bearing  and  diamond-devoid 
kimberlite  pipes  (Yakutia,  Russia).... . 


The  Mela  Sill  as  the  carbonat  if  e-kimberlite  body  North-Russian  province,  Russia . 

Dynamic  effect  of  traps  on  kimberlites:  identification  of  kimberlite  klippen . 

Precise  Rb-Sr  ages  of  Siberian  Kimberlites . . . 

Geochemistry  and  evolution  of  the  ultrabasic  Blue  Hills  intrusive  complex  (Namibia) . 

New  genetic  type  of  diamond  deposits  -  geological  peculiarities  and  origin . 

The  influence  of  the  deep  structure  of  the  Glennie  Domain  on  the  diamonds  in  Saskatchewan  kimberlites . 

The  Merlin  kimberlites,  Northern  Territory,  Australia . 

The  diamond  potential  of  the  late  cretaceous  Alto  Paranaiba  igneous  province,  Brazil . 

Geology  and  palinology  of  the  Sant$  Clara  kimberlite  maar. Coromandel,  Brazil . 

To  the  problem  of  diamond  genesis  in  the  Kumdy-Kul  deposit .  . 

Occurrence  and  stability  of  diamondbearing  assemblages  in  ultrahigh-pressure  metamorphic  rocks . 

Morphology  and  composition  of  mineral  inclusions  in  chromite  macrocrysts  from  kimberlites  and  lamproites. 

Volcanology  of  the  diatreme-rich  carbonatitic  Gross  Brukkaros  volcanic  field  and  of  the  nearby  Gibeon 
kimberlite  province,  Namibia.... . . . . . 

Palaeozoic  lithospheric  mantle  composition  and  processes  beneath  North  China  Platform . 


Mantle  sources  of  low-Ti  lamproites  from  the  mesozoic  collision  zone  of  the  Aldan  shield,  East  Siberia: 
geochemical  and  Sr-Nd-Pb  isotope  evidences............ . . . . .  . . . 


Geochemistry  and  Sr-Nd  isotopic  composition  of  kimberlites,  melilitites  and  basalts  from  the  Arkhangelsk 
region,  Russia 


Epochs  and  cycles  of  diamond  genesis  in  cratons  and  mobile  belts . . . . . 

The  structure  of  consolidated  crust  of  the  Yakutian  diamondiferous  province  -  Northern  pert:  evidence  from 
geophysical  investigations . •. . . 

Petrology  of  diamondiferous  magmatism . . . . . . . . . 


.282 

.285 

.287 

.289 

.292 

.295 

.298 

.301 

.303 

.305 

.307 

.308 

.311 

.314 

.317 

.320 

.323 

.326 

.328 

..331 

.333 

..336 

.339 

342 

.345 

..348 

.350 


P-T  evolution  of  palaeozoic  garnet  peridotites  from  the  Saxonian  Erzgebirge  and  the  Aheim  region,  W. Norway.... 353 


Synthesis  of  C-H-O  fluids  at  high  pressure . 356 

Determination  of  the  ferric  iron  content  of  diamond  inclusions  from  George  Creek  using  Mossbauer 
specrtoscopy  with  implications  for  mantle  oxygen  fugacity  during  diamond  genesis . 359 

Determination  of  ferric  iron  variation  within  zoned  garnets  from  the  Wesselton  kimberlite  using 
a  Mossbauer  milliprobe . 362 

Sea  floor  hydrothermal  vent  systems:  protoenvironment  for  13C-depleted  eclogitic  diamonds . 365 

Microdiamonds  from  kimberlites  and  lamproites:  observations  and  ideas  concerning  their  origin . 368 

Thermobarometry  and  reconstructed  chemical  compositions  of  pyroxene-spinel  symplectites:  evidence 

for  pre-existing  garnet  in  Iherzolite  xenoliths  from  Czech  Neogene  lavas . . 371 

Recent  advances  in  the  interpretation  of  the  mid-infrared  absorption  spectra  of  diamond . 374 

Composition  and  localization  features  of  lamproites-like  rocks  in  the  Irkutsk  Prisayanye  area . 377 

Unusual  diamonds  and  unique  inclusions  from  New  South  Wales,  Australia . . . 379 

Prediction  of  distribution  and  diamond  potential  of  kimberlite  provinces,  fields  and  diatremes..... . 382 

Internal  morphology  of  yakutian  diamonds  -  a  cathodoluminescence  and  infrared  mapping  study . 384 

Problems  associated  with  the  exictence  of  carbonado . . . . . 387 

EPR-spectroscopy  of  Yakutian  diamonds . . . . . . . 389 

Compositional  variation  of  micas  in  kimberlites,  orangeites,  lamproites  and  lamprophyres . 390 

Geochemical  and  morphological  evaluation  of  indicator  mineral  anomalies  in  Northeastern  Utah  and 
Southwestern  Wyoming.  USA . . . . . . . . . . . . . 393 

Eclogites  in  the  mantle:  T,  P  and  FG2  equilibrium  conditions  and  depths  of  formation . 396 

The  stages  of  the  native  diamond  deposits  formation  (Siberian  platform) . . . 399 

Kimberlites,  fluids  and  diamonds:  activity  relations  in  the  system  Mg-Ca-AI-K-C-O-H . . . 402 

Mineralogy  of  alkaline  titanates-bearing  kimberlite  from  a  dike,  West-Ukukit  kimberlite  field,  Yakutia . 404 

Basite  magmatism  of  the  Yakut  kimberlite  province . . . . . . . . . . . 406 

4-D  lithosphere  mapping:  constructing  stratigraphic  sections  of  the  lower  crust  and  upper  mantle  in  space 

and  time . . . . . 407 

Lamproites  of  Russia  (geology,  mineralogy,  petrochemistry,  geochemistry) . . 410 

Typomorphizm  of  various  genetic  types  of  the  Ukrainian  diamonds . . . . . . . 413 

Diamond  morphology  in  growth  and  dissolution  processes . 415 

Genetic  criteria  of  distinguishing  lamproites  (on  the  basis  of  melt  inclusions  in  minerals)..... . . . ....418 

Physico-chemical  conditions  of  crystallization  of  low-titanium  lamproites  of  Aldan  (Siberia) . 421 

Laser  ^Ar/^Ar  analyses  of  phlogopites  from  kimberlites  and  thier  xenoliths:  constraints  on  eruption  ages  of 
Southern  African  and  Siberian  kimberlites  and  mantle  volatile  compositions..... . 424 


Re-Os  isotope  evidence  for  late  Archaean. stabilisation  of  a  thick  lithospheric  mantle  keel  beneath  the  Kirkland 
Lake  area,  Superior  province,  Canada.  Further  evidence  for  long-term  crust-mantle  cuopling . 427 

Source  regions  of  kimberlites  and  lamproites:  constraints  from  Re-Os  isotopes..... . 430 

Kimberlites  in  the  Slave  structural  province,  Northwest  Territories.  Canada:  a  preliminary  review . 433 

Diamonds  assotiated  with  the  Permo-Carboniferous  glacial  deposits  in  the  Parana  Basin,  Brazil . 436 

Structure  and  peculiarities  of  formation  the  Kumdykolskoye  deposit . . . . . . . 439 

Geothermobarometry  of  diamond  inclusions  from  the  De  Beers  Pool  Mines,  Kimberley,  South  Africa . 441 

Indicator  minerals  of  CL-25  kimberlite  pipe,  Slave  Craton,  NWT,  Canada. . . . . . . . .444 

Mineralogical  mapping  of  the  North-East  section  of  the  Yakutian  kimberlite  province  and  its  main  results . 446 

Geology  and  substance  composition  of  cocites  of  North  Vietnam.... . ? . . . 449 

Morphology  and  growth  conditions  of  diamonds  in  metamorphic  rocks....  . . . . 452 

Composition  and  structure  of  lithospheric  mantle  in  the  Pacific  margin  of  Asia.  .. . . . . . .....455 

Is  eclogite  in  the  sub-continental  lithosphere  the  residue  from  melting  of  subducted  oceanic  crust? 

Experimental  constraints  and  implications  for  the  origin  of  the  Archean  continents . . . 457 

The  igneous  rocks  from  Coanjula  microdiamond  deposit,  Northern  Territory,  Australia.... . . . .  .460 

Mineralogy  of  peridotite  xenoliths  from  the  Mir  kimberlite,  Yakutia,  Russia . . . . . . . . . . . 462 

Deep  structure  of  Yakutian  diamondiferous  areas:  evidence  from  geophysical  data . . . ...465 

Perspectives  for  discovering  kimberlitic  and  lamproitic  magmatism  in  the  Russian  Far  East . . ......467 

Size  and  value  distributions  of  diamonds . . . . . . . . . . . 470 

Eclogite  xenoliths:  samples  of  archean  ocean  floor . . . . . . . . . . . ......473 

Garnet  geotherms:  derivation  of  P-T  data  from  Cr-pyrope  garnets. . . . . . . . . . . . 476 

Investigation  of  B1  -defects  in  natural  diamonds  using  double-crystal  technique . . 479 

Petrochemical  series  of  kimberlite  rocks  of  Arkhangelsk  province....... . . . . . . . ...481 

Mantle  nodules  in  kimberlite  rocks  of  Archangelsk . . . . . . . . .484 

Lithosphere  evolution  in  the  Archangelsk  kimberlite  province . . . . . . . . . . . . . .487 

Zoning  of  kimberlite  provinces  and  evolution  of  kimberlite  magmatism . . . . . . . . . . ......490 

High-potassic  mantle  magmatism  and  the  problems  of  diamond-bearing  in  the  Irkutsk  Prisayanye  area . .  ...492 

Prediction  of  kimberlite  provinces,  fields,  bodies  from  the  chemical  composition  of  picroilmenites.......... . .......494 

South  Kazakhstan  diamonds.,.. . . . . . . . . . . . ........................................................496 

Perovskites  from  the  Mata  da  Corda  kamafugites,  MG,  Brazil....... . . . . . . . ...498 

Comparative  characteristic  of  carbonatites,  kimberlitic  carbonatites  and  calciphires  as  indicators  of  their 
origin  in  the  lower  crust . . . . . . . 


.500 


Indicator  minerals  of  kimberlitic  magmatites  in  the  sedimentary  cover  of  the  Siberian  Platform. 


503 


Arbansky  massif  in  the  eastern  Siberia  -  the  largest  in  Russia  block  of  the  Early  Precambrian  upper  mantle 

and  lower  crustal  rocks . 506 

Melt  inclusion  study  of  some  lamproite  species  from  W, Kimberley,  W.  Australia  and  Leucite  Hills,  USA . 509 

Ultrahigh-pressure  metamorphic  environment  of  microdiamonds . 512 

Peculiarities  of  early-gertsinsk  tectonic-magmatic  activization  of  the  Eastern-European  platform  North . 515 

Carbonado:  a  comparison  between  Brazilian  and  Ubangui  sources  based  on  carbon  and  nitrogen  isotopes . 518 

Current  research  on  diamonds  at  the  Gemological  Institute  of  America . 521 

Geochemical  characteristics  of  mantle  xenoliths  from  the  Udachnaya  kimberlite  pipe . 524 

Chemical  heterogeneties  of  peridotitic  inclusion  garnets  and  juvenility  of  diamonds . 526 

New  petrological-geodinamic  model  for  the  origin  of  kimberlites  and  diamond . 529 

Types  of  eclogite  paleogeotherms  in  the  upper  mantle . 532 

Relationship  betweem  potential  diamondiferous  ability  and  oxygen-reduction  conditions  for  the  upper  mantle . 535 

The  sequence  of  crystallization  of  different  types  of  bort  from  Yakutian  kimberlites  and  the  conditions  of  their 
formation . 538 

Typomorphic  features  of  highbaric  minerals  from  kimberlites  of  the  Ukraine . 541 

Geology  of  the  Fort  a  la  Come  kimberlites  Saskatchewan . 543 

Bearing  of  the  subcalcic,  Cr-poor  megacryst  suite  on  kimberlite  petrogenesis  and  lithospheric  structure . 546 

Siberian  eclogite  xenoliths:  keys  to  defferantiation  of  the  Archean  mantle . 549 

Diamondiferous  eclogites  from  the  Siberian  platform:  samples  with  peridotitic  signatures? . 552 

A  unique  metasomatised  peridotite  xenolith  from  the  Mir  kimberlite,  Siberian  Platform . 555 

Arkhangelsk  diamond  inclusions . 558 

3-D  temperature  and  composition  in  the  upper  mantle  constraint  by  global  seismic  tomography  and 

mineral  physics . 561 

Deformed  dunites  from  the  Udachnaya  pipe . 564 

The  role  of  fC>2  regime  in  evolution  of  mantle  metasomatism  and  diamond  formation . 566 

Evolution  of  the  ancient  subcontinental  lithosphere  from  the  deep-seated  and  lower  crust  xenoliths  data 

from  Yakutian  kimberlites . 569 

Diamondiferous  eclogites  from  Yakutia:  evidence  for  a  late  and  multistage  formation  of  diamonds . 572 

Trace  elements  in  silicate  and  ore  minerals  of  eclogite  xenoliths  from  kimberlite  pipe  Udachnaya,  Yakutia . . 575 

Diamonds  and  their  syngenetic  mineral  inclusions  from  the  2  GA  Birimian  deposits,  Ghana,  West  Africa . 578 

Regional  variations  of  the  xenolith's  composition  and  the  upper  mantle  srtucture . 581 


Geotectonic  setting  of  Saskatchewan  kimberlites  (Canada)  and  other  observations:  what  is  left  from  the 
Clifford's  rule? . 583 

Postcollision  lamproitoides  of  East-Magnitogorsk  paleovolcanic  belt  (the  Southern  Urals) . 586 

Experimental  investigation  of  phases  equilibria  in  system  Ca0-Mg0-Al203-Si02  as  a  model  some  upper 

mantle  paragenesis . 589 

Structure  and  evolution  of  the  crust  and  uppermost  mantle  beneath  Yakutian  kimberlite  province  from 

seismic  data . 592 

Perspectives  of  kimberlite  magmatism  during  permian-triassic  age  of  Perm  Pre-Urals . 595 

The  petrogenesis  of  Group-2  kimberlite  and  lamproite  magmas . 597 

Glimeritic  and  peridotitic  xenoliths  from  the  Mata  do  Lenco  micaceous  kimberlite  -  Alto  Paranaiba  Igneous 
province,  Brazil:  evidences  of  metasomatic  processes  in  local  mantle  source . 600 

Inclusions  in  natural  diamonds  of  different  habits . 603 

Prospects  of  the  Ukraine  territory  diamondiferousness . 606 

Quantitative  nitrogen  aggregation  study  of  some  Yakutian  diamonds:  constraints  on  the  growth,  thermal 

and  deformation  history  of  peridotitic  and  eclogitic  diamonds . 608 

Experimental  determination  of  the  kinetics  of  lb  to  laA  nitrogen  aggregation  with  application  to  natural 

Ib-laA  diamonds . 611 

Nitrogen  aggregation  and  cothodoluminescence  characteristics  of  diamonds  from  the  Point  Lake  kimberlite 

pipe,  Slave  Province,  NWT,  Canada . 614 

Growth  history  of  an  eclogitic  diamond  from  the  Kaal  Valley  kimberlite,  South  Africa  -  an  infrared, 
cathodoluminescence  and  carbon  isotope  study . 617 

Nitrogen  aggregation  character,  thermal  history  and  stable  isotope  composition  of  some  xenolith- 

derived  diamonds  from  Roberts  Victor  and  Finsch . 620 

Caracteristics  of  microdiamonds  from  ultramafic  massifs  in  Tibet:  authentic  ophiolitic  diamonds  or 
contamination? . 623 

Trace-element  chemistry  of  eclogitic  inclusions  in  diamond  and  comparisons  with  host  eclogite,  Mir 

kimberlite,  Russia . 625 

Volatile  components  in  the  upper  mantle . 628 

A  comparison  of  microdiamonds  from  kimberlite  and  lamproite  of  Siberia  and  Australia . 631 

Heat  flow  and  diamond  potential  of  the  Belomorian  kimberlite  province . 634 

Correlation  and  classiffication  of  kimberlite  indicator  properties . 637 

The  main  reliability  problems  of  geological-prospecting  works  on  diamonds . 640 

Stability  field  of  ferric-ferrous  garnet  skiagite  (Fe3Fe2Si30i2) . 643 

Morphogenesis  of  pyropes,  picroilmenites  and  chromian  spinels  from  kimberlites,  kimberlite-like  rocks 

and  alkaline  basaltoids. . 646 

Petrological  features  of  diamondiferous  magmatism . ...648 

Diamondiferous  magmatism:  mineragenetic  taxons  and  prediction-prospecting  models . 649 


.650 


Petrochemical  types  of  kimberlites  of  the  major  diamond  deposits  of  Yakutia. 

Petrology  of  the  Postmasburg  kimberlites . 653 

Deep  seismic  structure  and  kimberlites  of  the  Kaapvaal  craton . 656 

Impact  diamonds:  their  features,  origin  and  significance . 657 

Geochemistry  and  genesis  of  lamproites  of  the  Aldan  shield . 660 

Composition  of  lithospheric  mantle  beneath  Sino-Korean  craton . 663 

Influence  of  chromium  on  REE  partition  behavior  between  garnet  and  basaltic  melt..., . 666 

High  pressure  melting  experiments  on  group  II  kimberlite  up  to  8  GPa:  imlications  for  mantle  metasomatism . 669 

Laws  of  structural  control  of  localization  of  kimberlite  pipes  in  the  Daldyn  field  from  CDPM  Survey  data . 672 

Main  epochs  of  upper  mantle  activization  in  the  Siberian  platform . 675 

Rubidium-Strontium  isotope  geochemistry  of  the  kimberlites  and  deepseated  xenoliths  of  the  Kharamay  field 
(Siberian  platform) . .• . 678 

Diamonds  from  Lomonosov  mine  of  Archangelsk  region . 680 

The  Far  Eastern  provinces  of  kimberlites,  lamproites,  nephelinites,  alkaline  basaltoids,  hyperbasites  and  of 
accompanying  rocks . 681 

Probability  of  existence  of  rich  gem-quality  diamonds  deposits . 682 

Lamproites  on  the  Yangtze  craton,  China . . . . . 684 

Metamorphic  evolution  of  diamond-bearing  rocks  and  eclogite  from  the  Kokchetav  massif,  N. Kazakhstan.. . 687 

Rare  oxygen-free  inclusions  in  kimberlite-borne  diamonds  from  Eastern  China . .690 

Paleokinematics  and  pattern  of  kimberlite  fields  location  on  the  Siberian  platform  based  on  the  hypothesis 

of  hot  spots . 692 

Paleomagnetism  and  the  ages  of  kimberlites  exemplified  by  the  four  pipes  of  Yakutia . . . .. . 695 

The  experience  of  mineralogic-petrographic  mapping  of  kimberlite  pipes . . . 698 

Metasomatism  of  peridotite  by  alkaline  melt  and  cognate  fluid:  microchemical  and  ion-probe  evidence  from 

the  low-P  Inagli  dunite . 700 

Seismological  evidence  for  a  correlation  between  lithosphere  and  mantle  transition  zone . 703 

Meaning  of  carbon’s  isotopes  of  hydro-carbon  inclusions  at  mineral-sputnic  from  kimberlite  pipe  Mir . 705 

Different  sources  of  kimberlites  and  carbonatite  parent  magmas:  evidence  from  high  pressure  experiments 
and  trace  element  geochemistry. . . . . . . . . . . 


706. 


GEOLOGICAL-MINERALOGICAL  SYSTEM  OF  SEARCHING 
FOR  DIAMOND  DEPOSITS 


V.  P.  Afanasiev 

United  Institute  of  Geology,  Geophysics  and  Mineralogy,  SB  RAS  (Novosibirsk) 


Searching  for  diamond  deposits  with  indicator  minerals  is  based  on  the  ability  of 
these  minerals  to  remain  in  exogenic  structures  and  to  form  vast  haloes  around  the 
sources.  However,  their  stability  is  not  absolute  and  each  mineral  is  subjected  to  some 
degree  of  alteration  during  halo  generation.  The  degree  and  the  way  minerals  alter 
depends  on  their  geological  environment. 

Peculiarities  of  the  minerals’  alteration  allow  us  to  reconstruct  the  geological 
environment,  to  trace  the  history  of  mineral  and  halo  generation.  This  is  the  basis  for 
the  geological-mirieralogical  system  of  searching  for  diamond  deposits. 

Searching  raises  two  main  problems:  1)  halo  identification,  i.e.  source 
determination  (known  or  unknown;  diamond-bearing  or  without  diamond);  2) 
localization  of  the  minerals’  source  if  it  is  an  unknown  kimberlite  or  lamproite  body. 

Identification  can  be  complicated  due  to  three  groups  of  factors:  1)  physico¬ 
chemical  and  mechanical  alteration  of  minerals  in  the  process  of  halo  generation 
causing  significant  changes  in  mineral  habits  and  composition  of  mineral  associations; 
2)  polygenic  character  of  the  haloes,  i.e.  a  possibility  of  remixing  of  minerals  from 
various  sources;  3)  heterogeneous  and  heterochronous  character  of  haloes,  i.e.  their 
generation  due  to  redeposition  of  indicator  minerals  from  more  ancient  haloes  of 
different  lithodynamical  type  and  age.  Besides,  localization  depends,  which  on  the 
degree  of  kimberlite  erosion  which  determines  the  halos’  sizes. 

Maximum  information  on  the  sources  and  environment  of  halo  generation  is 
revealed  through  morphology  of  minerals  since  physico-chemical  and  mechanical 
alterations  are  reflected  in  morphology  first  of  all.  To  determine  correctly  the  degree 
and  process  of  secondary  alterations  it  is  necessary  to  be  well-acquainted  with  the 
primary  morphology  of  minerals.  The  morphology  is  "primary"  only  for  the  searching, 
in  reality  it  is  a  result  of  continuous  deeprseated  mineral  development  including  periods 
of  their  presence  in  the  mantle  substrate,  kimberlite  melt  and  post-magmatic 
environment.  Each  stage  of  the  deep-seated  morphogenesis  is  fixed  in  the  minerals  by 
specific  morphological  peculiarities. 

In  an  exogenic  environment  at  the  generation  of  halos  the  indicator  minerals  are 
subjected  first  to  mechanical  wearing.  We  have  shown  that  the  wearing  degree  depends 
more  on  environment  of  the  halo  generation  than  the  distance  of  transportation. 
Hydraulic  sorting  by  granulometry  and  density  of  minerals  and  distribution  of  their 
concentrations  relativ  to  the  kimberlite  body  (for  aluvial)  is  described  by  the  following 
formula:, 

P(x)=  P0e  *bx, 
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where  x  -  distance  of  transportation;  P0-  mineral  concentration  in  the  source;  P  (x)  - 
mineral  concentration  at  distance  x;  b  -  inertial  coefficient  dependent  on  the  size  and 
density  of  the  mineral.  Physico-chemical  alteration  of  minerals  is  performed  after  the 
halo  generation.  Major  types  of  alteration  are  hypergenic  in  the  weathering  crust  of 
kimberlites  and  sedimentary  collectors,  diagenetic,  referring  to  metagenesis  in  the  folded 
regions,  referring  to  metasomatose  at  exocontacts  of  intrusions  (f.ex.  differentiated 
trappes).  The  hypergenic  alterations  are  spread  most  widely. 

Halos  of  the  indicator  minerals  are  generated  in  various  environments  and 
change  in  geological  history.  However,  three  major  lithodynamical  types  may  be 
distinguished:  the  continental  (aluvial)  typealong  the  river  valleys;  the  coastal-alluvial 
type  in  zones  of  the  coastal  alluvial  depressions;  the  coastal-marine  type  in  zone  of  the 
wave  activity.  Each  halo  type  has  its  own  typical  features.  Their  major  difference  is  a 
degree  of  the  minerals  wearing:  aluvial  halos  are  characterized  by  a  minimum  degree  of 
mineral  wearing;  coastal-aluvial  haloes  -  by  average  degree;  coastal-marine  -  by 
maximum.  For  the  searching  of  kimberlite  bodies  the  aluvial  haloes  are  most 
perspective.  Coastal-marine  haloes  do  not  allow  the  searching  of  kimberlites  but  are 
favourable  for  placers  generation.  Coastal-aluvial  haloes  are  not  favourable  neither  for 
searching  of  kimberlites  nor  for  the  placers  generation. 

However,  these  types  of  haloes  are  rare,  more  often  these  are  haloes  of  the 
coastal  marine  type.  Due  to  cyclicity  of  the  sedimentogenesis  processes  the  sedimentary 
thicknesses  with  haloes  of  indicator  minerals  are  eroded  and  indicator  minerals  are 
transported  to  younger  deposits.  Simultaneously  kimberlite  bodies  may  erod.  Thus,  in 
the  new  halo  there  is  a  remixing  of  minerals  redeposited  from  an  ancient  halo  and 
minerals  from  a  kimberlite,  i.e.  the  heterochronous  halo  takes  place  comprising 
indicator  minerals  of  different  stages  of  erosion  of  the  same  kimberlite  bodies.  During 
redeposition  minerals  from  different  lytodynamic  types  of  the  haloes  may  mix  and  cause 
the  appearance  of  heterogenous  haloes.  The  heterogeneous  and  heterochronous 
character  of  modern  as  well  as  of  ancient  haloes  is  common  for  all  the  diamond 
provinces.  It  raises  serious  problems  in  searching  since  re-deposited  minerals  lack  the 
relation  to  a  primary  source  and  the  kimberlite  body  is  may  be  found  only  by  those 
minerals  which  directly  get  from  the  kimberlite.  There  is  a  complex  of  signs  which  allow 
us  to  distinguish  the  re-deposited  minerals  and  the  minerals  which  get  to  the  halo  only 
from  kimberlites. 

Due  to  differences  in  the  geological  structure  and  the  evolution  of  the 
diamondiferous  area,  character  and  development  of  indicator  minerals  each  region  will 
be  distinguished  by  its  own  conditions  of  the  searching  work.  However,  four  major 
types  of  geological-mineralogical  searching  setting  may  be  distinguished: 

Type  I  is  kimberlite  bodies  are  exposed  at  the  surface;  ancient  collectors  of 
indicator  minerals  were  absent.  In  haloes  the  re-deposited  indicator  minerals  are  absent 
and  haloes  are  generated  only  due  to  minerals  being  obtaind  only  from  kimberlites.  The 
simplest  searching  scheme  is  realized  -  through  the  "trace'1  of  indicator  minerals. 

Type  II  is  kimberlite  bodies  are  exposed  at  the  surface  and  the  ancient  collectors 
were  present  which  are  weathered  almost  up  to  the  present.  The  haloes  comprise 
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indicator  minerals  re-deposited  from  ancient  collectors  and  minerals  obtained  only  from 
kimberlites.  In  this  setting  it  is  necessary  to  separate  re-deposited  minerals  and  to 
perform  the  searching  through  the  "trace'’  of  minerals  obtained  only  from  kimberlites. 

Type  III  is  kimberlite  bodies  are  buried  under  younger  deposits  representing 
collectors  of  indicator  minerals.  This  type  is  the  most  complicated  since  the  sampling  of 
the  collector  has  to  be  done  "blindly"  by  drilling,  the  sampling  volumes  are 
insignificant.  Besides,  as  investigations  of  the  Yakutian  ancient  collectors  have  shown, 
they  contain  the  indicator  minerals  re-deposited  from  ancient  collectors. 

Type  IV  is  wide  distribution  of  ancient  coastal-marine  deposits  which  are  the 
primary  or  re-deposited  to  younger  (up  to  Quaternary  aluvial  period)  deposits.  These 
haloes  are  characterized  by  more  expressed  alteration  of  minerals  and  by  absence  of 
relation  to  the  sources.  However,  they  have  the  potentia  to  contain  diamond  placers, 
since  during  sea  coast  processes  diamond  concentration  takes  place  and  also  removal  of 
small  particles  due  to  differences  in  hydraulic  features. 

Type  I  has  a  restricted  distribution.  The  other  three  types  are  spread  most  widely. 
The  most  accessible  is  Type  II.  Type  IV  takes  place  in  all  diamond  regions.  However, 
coastal-marine  haloes  only  indicate  the  presence  of  sources  and  it  is  not  possibfl  to 
localize  them.  At  early  stages  of  searching  the  first  findings  of  diamonds  are  mostly 
related  to  coastal-marine  haloes,  but  the  meaning  of  such  findings  should  not  be  over¬ 
estimated.  There  are  methods  which'  allow  to  determine  the  origin  of  diamonds  from 
such  haloes  even  if  they  do  not  reveal  signs  of  mechanical  wearing. 

There  are  other  types  of  searching  settings:  glacial,  eolian,  etc.  which  have  not 
been  sufficiently  studied.  Each  type  has  its  own  potentials  and  restrictions  on 
geological-mineralogical  searching.  Study  and  correct  determination  of  the  type  of 
searching  setting  in  each  case  will  allow  us  to  estimate  the  tactics  for  the  searching 
process. 


3 


A  kimberlitic  lamprophyre  and  associated  alkalic  basaltic 
rocks  from  Pishin  District,  Pakistan. 


Zulfiqar  Ahmed 

Institute  of  Geology,  University  of  the  Punjab,  Lahore,  Pakistan 

In  the  western  marginal  portion  of  the  Indian  plate,  the  Spangar  area  in 
Pishin  District,  Pakistan,  exhibits  alkaline  magmatism  which  is  probably  a 
manifestation  of  extensional  tectonics  within  a  continental  plate.  Whole-rock 
major  and  trace  element  variations  are  determined  from  within  a  recently 
reported  kimberlitic  intrusion  in  the  lower  Jurassic  limestone,  first  reported  and 
described  by  Ahmed  &  McCormick  (1990).  The  rock  is  rich  in  incompatible 
elements  like  K,  Ba,  Rb,  Sr,  REE,  P  and  Zr.  Certain  features  of  the  rock  deviate 
from  those  of  classic  kimberlites;  and  resemble  those  of  the  ultramafic 
lamprophyres.  This  rock  is  called  a  kimberlitic  lamprophyre  as  it  displays 
geochemical  and  petrographic  features  that  relate  it  to  both  kimberlites  and 
ultramafic  lamprophyres.  The  activity  is  dominated  by  fissure-type,  rather  than 
central  vent-type  volcanism.  This  occurrence  makes  this  region  important  for 
diamond  exploration  and  for  the  lamprophyre-associated  deposits  of  gold  and 
other  metals. 

A  mildly  alkalic  basaltic  suite  is  identified  to  occur  closely  associated  with 
the  kimberlitic  lamprophyre  in  space,  time,  mode  of  occurrence  and  probably, 
genesis  as  well.  The  source  of  basalts  was  trace  element  enriched  continental 
lithosphere. 

The  kimberlitic  lamprophyre  and  alkalic  basalts  are  both  formed  from  the 
relatively  primitive  magmas.  The  magmatism  was  probably  caused  by  deep 
mantle  or  asthenospheric  upwelling  during  the  extensionai  tectonics  and  break  up 
of  the  Indian  plate  away  from  the  Gondwanaland  where  its  position  was  in 
proximity  to  the  Gulf  of  Aden  and  Somalia.  Their  emplacement  was  controlled  by 
major  fractures  associated  with  the  Jurassic  rifting  and  continental  break  up.  The 
basalts  may  represent  “trap”  volcanism  of  mildly  alkalic  character  related  to 
horizontal  extension.  The  source  of  these  rock  seems  to  be  trace-element 
enriched  mantle.  Like  all  alkaline  igneous  rocks,  these  rocks  exhibit  high 
concentrations  of  large-ion-lithophile  elements;  and  their  chondrite  -  normalized 
REE  profiles  show  strong  light  REE  enrichment. 

At  Kozh  Kach,  25  km  NE  of  Spangar,  a  conjugate  third  suite  of  sodic 
alkalic  dolerites  is  present.  It  also  intrudes  the  lower  Jurassic  sediments.  It  is 
geochemically  distinct  from  the  two  rocks  suites  of  Spangar;  and  within  itself 
shows  fractionation  effects.  It  seems  to  belong  to  an  episode  of  magmatism  that 
differs  from  that  of  the  Spangar-Garkai  area  alkalic  rocks. 

Reference  cited 

Ahmed  Z.  &  McCormick  G.R.  A  newly  discovered  kimberlitic  rock  from 
Pakistan.  Mineralogical  Magazine  (U.K.),  1990,  v.54,  pp. 537-546. 
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REASONS  OF  VARIATIONS  OF  INDIVIDUAL  DIAMOND  CRYSTALS 
AND  PETROGENETIC  BLOKING  OF  ROCKS  IN  UDACHNAYA  PIPE 


Z.A.  Altukhova  and  Yu. P. Barashkov 

Jakut  Institute  of  Geosciences,  Siberian  Branch,  Russian 

Academy  of  Scitnces,  39  Lenin  av.,  Yakutsk,  677891  Russia 

INTROD ACTION.  Sistematic  study  of  kimberlite  breccias  of  the  pipe  has  shown  that 
structural  features,  i.e.  the  degree  of  kimberlite  magma  saturation  in  xenogenic  material  of 
enclosing  carbonate  and  deep  rocks  and  the  presence  of  different-sized  local 
inhomogeneities  in  the  composition  o  f  the  kimberlite  cement  (of  autoliths)  are  a  reliable 
classification  criterion  for  all  studied  horizon  in  the  vertical  section  of  the  pipe.  Comparison 
investigation  of  the  material  composition  and  diamond  tenor  autoliths,  it  matrix 
and  massive  kimberlite  breccias  was  allowed  to  establish  generally  regularity  of  distribution 
the  individual  diamond  crystals  and  heavy  minerals.  The  aim  of  this  article  is  to  constrain 
the  condition  of  diamond  kimberlite  rocks  origin,  based  on  the  petrografic,  mineralogical 
date. 

Petrography  The  Udachnaya  pipe  bifurcates  into  two  independent  bodies:  Udachnaya-West 
and  Udachnaya-east  at  the  220-250m.  depth.  In  the  western  body  there  are  kimberlite 
breccias  of  two  structural  varieties,  which  account  for  about  75  percent  of  its  aria.  The 
central  and  western  parts  of  date  body  are  filled  with  massive  kimberlite  breccia  of 
brownish-grey  color.  It  is  charakterized  by  large  amounts  of  fine  disintegration  products  of 
xenoiiths  metamorphic  rocks  and  phlogopite-magnetite  composition  of  the  groundmass  and 
elliptical  jointing.  The  elliptical  masses  not  differ  in  structural-textural  characteristics  from 
the  enclosing  rock, vary  from  5-7sm.  to  15sm.  size  and  are  oval  in  shape.  They  can  be  easily 
separated  from  the  groundmass  and  easily  split  exhibit  concentric  joining  peripheral 
zones  being  more  brittle  and  central  zones  of  fine  -porphyritic  texture  more  dense.  They  are 
likely  to  be  the"  prototypes"  of  the  autoliths  seen  at  the  surface.  In  the  upper  horizons, 
massive  kimberlite  breccia  has  a  non  uniform  structure  characterized  by  the  presence  of 
different-sized,  rounded,  fine-grained  or  aphyric  autoliths  with  relatively  gradual  contacts. 

In  Udachnaya-West  pipe,  most  persistent  with  depth  is  a  greenish-grey  kimberlite  breccia 
with  a  high  concentration  of  xenoiiths  of  sedimentary  rocks  and  autolithic  kimberlite- 
cement.  The  microautolithic  structure  of  the  cementing  kimberlite  is  due  to  uneven 
distribution  of  the  later  carbonate  to  form  rounded  autoliths  of  phlogopite-magnetite  (initial) 
carbonate  composition  and  a  carbonate-phlogopite  groundmass  with  relics  of  an  ore  mineral 
(carbonatized  areas).  At  contacts  between  the  autolithic  green-grey  kimberlite  breccia  and 
the  massive  brownish-grey  one,  there  are  hybrid  rocks  of  intermediate  composition  and 
averaged  diamond  grade,  which  is  indicative  of  their  mixing  during  emplacement.  Thus  the 
western  body  of  the.  Udachnaya  pipe  is  filled  with  breccias  of  two  structural  types  which 
undergo  compositional  changes  both  at  contacts  with  the  enclosing  rocks  and  at  contacts 
with  each  other.  A  variety  of  structural-textural  characteristics  can  be  traced  in  a  wide 
endocontact  zone  between  these  two  types  of  kimberlite  breccias  and  a  large  reef  of 
carbonate  rocks  that  extends  as  a  thick  strip  in  submeridional  direction. 

Compared  to  Udachnaya-West,  kimberlite  breccias  of  the  Udachnaya-East  pipe  contain 
lesser  amounts  of  sedimentary  xenoiiths  but  higher  amounts  unaltered  deep  rock  fragments. 
This  type  of  breccias  is  characterized  by  high  concentrations  of  unaltered  olivine  and  large 
picroilmenite  grains.  In  the  central  part  of  this  pipe,  there  is  a  large  reef  of  marmorized 
dolomites.  Hybrid  rocks  of  predominantly  carbonate  composition  (with  skam  association  of 
minerals)  that  developed  in  its  endocontact  zone  have  adversely  influenced  the  quality  and 
grade  of  diamonds  in  the  pipe. 
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Diamondiferous.  Kimberlite  rocks  of  the  recognized  structural  varieties  clearly  differ  in 
diamond  grade  and  quality  and,  hence,  concentrations  and  compositions  of  heavy-fraction 
minerals.  Diamond  grade  is  approximately  equal  in  the  Udachnaya-West  and  Udachnaya- 
East  pipes  but  diamond  quality  is  higher  in  the  Udachnaya-West  body.  The  quality  of 
diamonds  was  assessed  on  the  basis  of  five  main  features:  size,  shape  and  distortion,  face 
surface,  defects  (inclusion,  and  cracks),  and  color.  The  size  group  used  were  -4+2  and  -2+1. 
The  proportion  of  crystals  of  the  two  sizes  in  the  total  amount  of  diamond  crystals  in  a 
sample  was  determined.  The  shape  and  the  degree  of  distortion  were  assessed  for  whole 
crystals,  broken  no  more  then  by  1/3.  The  quantity  of  whole  crystals,  maccles  intergrowths 
and  their  fragments,  and  the  degree  of  distortion  were  taken  into  account.  By  color, 
diamonds  were  classified  into  colorless:  yellow,  brown,  grey,  and  dark  grey. 

In  the  Udachnaya-West  pipe,  there  more  crystals  of  larger  size  classes,  with  a  larger 
fraction  of  whole  crystals  among  them,  and  ,  as  a  rule,  of  higher  average  weight.  The  degree 
of  preservation  is  higher  for  diamonds  from  massive  kimberlite  breccia  and  aphyric 
autoliths.  Diamonds  from  these  rocks  are  also  characterized  by  high  average  Weight  of  a 
single  crystals.  In  the  Udachnaya-East  pipe,  the  diamond  content  is  higher,  with 
predominance  of  smaller  stones  and  higher  average  weight  of  larger  crystals.  For  example, 
the  content  of  -1+0,5  and  -0,5+0, 2  classes  is  four  times  higher  compared  to  the  western 
body.  The  content  of  larger  intergrowths  maccles  (of  -4+2  and  -2+1  sizes)  is  2,5  times 
higher  and  that  of  pseudorhombododecahedra  and  dodecahedroids  3  times  higher.  Also 
combination  crystals  are  found  which  are  missing  in  the  western  body.  Colorless  and  yellow 
large  crystals  are  more  characteristic  of  kimberlite  from  the  Udachnaya-West  pipe,  whereas 
rocks  of  the  Udachnaya-East  pipe  are  characterized  by  grey  large  stones,  with  colorless  and 
yellow  shades  being  more  typical  of  smaller  stones. 

Highly  diamondiferous  dark  grey,  porphyritic  and  fine-porphyritic  autoliths  contain  60  to  70 
per  cent  of  whole  crystals,  where  as  medium-  and  low-diamondiferous  varieties  up  to  30 
per  cent.  Among  diamonds  from  autoliths,  rhombododecahedra  are  prevailing,  but  vaiy 
much  in  content.  In  a  large  aphyric  autolith,  rhombododecahedra  account  for  70  per  cent, 
octahedra  for  20  per  cent,  intermediate  shapes  for  10  per  cent.  In  highly  diamondiferous 
porphyritic  autoliths,  intermediate  shapes  account  for  maximum  30  per  cent,  whereas 
rhombododecahedra  for  15  per  cent  only.  In  diamondiferous  autoliths  of  another  type, 
rhombododecahedra  account  for  60  per  cent,  octahedra  are  missing  and  intermediate  shapes 
account  for  15  per  cent.  Crystals  of  intermediate  type  are  absent  in  aphyric  autoliths  from 
both  the  western  and  eastern  bodies. 

Mineralogy.  Heavy  fractions  also  show  clear  distinctions.  In  the  Udachnaya  -West  pipe 
massive  kimberlite  breccias  have  minimum  garnet  contents,  with  low-Cr,  high-Fe  varieties 
accounting  for  75  per  cent.  Here,  greenish-grey  kimberlite  breccia  contain  2-3  times  higher 
garnets.  They  are  more  variable  in  composition,  with  low-Cr  varieties  accounting  for  40  per 
cent.  There  are  also  high-Cr,  low-Ca  garnet,  as  well  as  Cr-Ca  varieties.  The  Udachnaya-East 
pipe  is  characterized  by  a  quite  different  spectrum  of  garnet  and  ilmenite  varieties. 
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Table  1 


Content  heavy-  fraction  minerals  in  Kimberlite  breccia  Udachnaya  pipe 


Petrografical  varieties  of 
kimberlite  breccias 
Udachnaya- East 
Maximum  diamondiferous 
Autoliths  dark-grey 
porphyritic,  olivine  unaltered 
Highly  diamondirerous 
Enclosing  them  breccia 
Massive  Kimberlite  breccia, 
olivine  unaltered 
Same  rock,  more  xenoliths. 
Autoliths  dark-grey  porphyrlc 
Olivine  serpentinized. 

Mediun  diamondiferous 
Massive  breccia.  Eridocontact 
Autoliths  porphyritic  grey 
color  with  carbnate  mineral 
Low-diamindiferous 
Autoliths  large  porphyritic 
Oligophyric  autoliths 
Aphyric  autoliths 
Udachnaya-West 
Maximum  diamindiferous 
Autoliths  dark-grey  porphyric 
Autolliths  dark-grey  small 
porphyritic 

Massive  kimberlite  breccia 
Autolithic  kimberlite  breccia 
Autoliths  dark-green 
Peridotite  serpentinized 
Autoliths  aphyric  grey  color 


Mass 

Magne- 

Ilmenite 

probe  kg  tite 

837 

0.32 

1.93 

1435 

0.33 

1.3 

1900 

0.48 

1.72 

1900 

0.54 

2.48 

694 

0.04 

1.40 

870 

0.03 

2.61 

136 

0.47 

2.30 

156 

0.49 

1.70 

600 

0.30 

1.06 

160 

0.06 

1.2 

690 

0.12 

0.61 

220 

0.20 

0.14 

4164 

0.53 

0.58 

4075 

0.03 

0.35 

939 

0.03 

0.16 

22 

43,65 

9.81 

340 

1.30 

0.43 

Garnet 

Olivine 

Chrome 

kg/t/ 

spinelides 

0.12 

4.40 

0.008 

0.11 

3.4 

0.009 

0.12 

5.7 

0.001 

0.20 

5,00 

0.004 

0.12 

0.17 

0.010 

0.24 

0.54 

0.07 

0.18 

0.25 

0.03- 

0.25 

0.06 

0.001 

0.09 

0.01 

0.010 

0.12 

0.04 

0.004 

0.17 

0.013 

0.001 

0.04 

0.012 

0.33 

0.01 

0.008 

0.18 

0.03 

0.0004 

0.10 

- 

0.002 

2.85 

0.04 

- 

- 

- 

0.003 

To  conclude,  the  distribution  patterns  observed  in  the  pipes  for  diamonds  and  minerals  with 
definite  individual  characteristics  and  compositions  could  have  resulted  from  non-uniform 
melting  of  an  unitally  heterogeneous  upper  mantle  substrate.  Different  diamond  grades  of 
autoliths  and  their  analogues  (rocs  found  in  blocks  whithin  the  pipes)  are  due  to  the 
formation  of  low-diamondiferous  varieties  from  a  liquid  portion  of  the  kimberlite  melt  and 
medium  and  highly  diamondiferous  varieties  from  a  solid-liquid  portion  containig  high 
concentrations  of  relics  of  mantle  material. 


7 


HIGH  PRESSURE  EXPERIMENTAL  STUDY  ON  GROWTH  AND 
RESORPTION  OF  DIAMOND  IN  KIMBERLITE  MELT 

Arima>M.,and  Inoue-  M. 


Geological  Institute,  Yokohama  National  University,  Hodogaya-ku, 

Yokohama,  240,  Japan 

Studies  of  inclusions  in  natural  diamonds  suggest  a  genetic  link  between 
diamond  formation  and  volatile-  and  alkali-rich  mantle  melts  or  fluids,  broadly  similar  to 
kimberlite  composition  (Navon  et  a.,  1988).  Arima  et  al.  (1993)  demonstrated  that 
diamond  crystallized  and  grew  in  a  volatile-rich  silicate  melt  of  kimberlite  composition 
in  high-pressure  and  high-temperature  experiments  (1800-2200°C  and  7-7.7  GPa). 
This  paper  reports  detailed  morphological  features  of  newly  crystallized  diamonds  in 
the  experiments  by  Arima  et  al.  (1993).  In  addition,  resorption  (dissolution)  of  diamond 
in  kimberlitic  melts  was  studied  experimentally  in  the  graphite  stability  field  (1300- 
1500°C  and  2.5  GPa)  under  the  W-l  condition.  This  paper  also  reports  a  variety  of 
resorption  features  observed  on  the  seed  diamonds. 

Crystallization  and  growth  of  diamond  at  7  -  7.7  GPa 

Detailed  experimental  procedures  were  given  in  Arima  et  al.  (1993).  The 
kimberlite  used  in  the  experiments  is  an  aphanitic  kimberlite  from  Wesselton  Mine, 
South  Africa.  In  the  runs  at  1800-2200°  C  and  7-7.7  GPa,  the  kimberlite  powder  was 
loaded  in  a  graphite  capsule  with  and  without  a  seed  diamond  (about  1  mm  in 
diameter),  which  was  emplaced  in  a  Mo  capsule.  Diamond  crystallized  and  grew  from 
kimberlite  melt  in  all  the  run.  Newly  formed  diamonds  occur  in  the  interface  between 
the  kimberlite  and  graphite  capsule,  indicating  the  kimberlite  acts  as  the  solvent- 
catalysts.  No  systematic  difference  exists  between  the  runs  with  seed  diamond  and 
those  without  seed  diamond  at  the  same  P-T  condition.  No  diamond  was  observed  in 
the  "dummy"  run  in  which  graphite  was  encapsulated  in  a  Mo  capsule  without 
kimberlite  powder.  The  kimberlite  part  of  the  run  products  consists  of  a  fine-grained 
crystal  aggregate.  No  glass  was  observed.  Dendritic  or  acicular  morphology  of  the 
crystals  indicates  that  they  are  quench  phases  crystallized  from  the  kimberlitic  melt 
during  quenching  at  high  pressure.  Overall,  the  results  indicate  that  the  diamond 
crystallized  from  kimberlitic  melt  and  was  not  formed  by  solid-state  transformation  of 
graphite. 

The  newly  formed  diamond  crystals,  up  to  100  j/m  in  diameter,  are  colorless  and 
transparent  under  optical  microscope.  They  are  isolated  well  faceted  octahedron, 
hopper  crystals,  or  dendritic  crystals.  The  newly  crystallized  diamonds  generally  have 
well  developed  {1 1 1}  face.  In  a  rare  case  they  have  small  rugged  {1 00}  face. 
Octahedron  twinned  on  {1 1 1}  twin  plane  is  common.  In  a  rare  case,  cyclic  twins  are 
present.  The  morphology  of  newly  formed  diamond  in  the  present  experiment  indicates 
that  the  growth  rate  of  {1 1 1}  is  several  times  lower  than  those  of  {100},  being  resemble 
those  of  natural  diamond  but  contrast  to  those  of  synthetic  diamonds  grown  from  metal 
solvent-catalysts.  In  addition,  in  the  runs  at  2000-2200°C,  a  depression  at  the  center  of 
the  {1 1 1}  face  is  locally  present,  and  growth  steps  indicative  of  layer-growth  are  clearly 
observed  in  it. 
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No  apparent  change  was  noted  in  the  original  habits  of  the  seed  diamonds. 
However,  all  the  seed  diamonds  had  newly  formed  triangular  patterns  on  the  {1 1 1} 
faces.  They  correspond  to  growth  hillocks  that  have  rounded  triangular,  truncated 
triangular,  or  triangular  shape,  and  have  the  same  orientation  as  the  original  triangular 
{1 1 1}  faces  of  the  seed  crystal.  In  a  rare  case,  growth  pyramids  (-0.74  \im  high)  of 
triangular  morphology  clearly  show  growth  steps  similar  to  those  observed  on  natural 
diamonds  (Sunagawa,  1984;  van  Enckevort,  1992).  These  features  suggest  a  spiral 
growth  mechanism  of  the  hillocks.  It  is  likely  that  carbon  atoms  diffused  from  the 
graphite  capsule  through  the  kimberlite  melt  and  deposited  as  diamond  on  the  seed 
crystal. 

Experiment  on  resorption  of  diamond  at  2.5  GPa 

Resorption  of  diamond  in  kimberlitic  silicate  melts  was  investigated  at  2.5  GPa 
and  1300-1500°  C  for  10  to  120  min.  using  a  piston  cylinder  high  pressure  apparatus. 

A  natural  diamond  crystal  and  a  resorption  agent  (kimberlite  powder)  were  emplaced 
in  a  sealed  inner  Pt  capsule.  The  inner  sample  capsule  was  then  loaded  with  the  W-l 
buffer  powder  in  a  sealed  outer  Pt  capsule.  The  natural  diamonds  used  are  smooth¬ 
faced  octahedral  crystals  (1  mm  in  diameter)  with  slightly  resorbed  rounded  corner  and 
edge.  To  examine  the  effect  of  carbon  (or  CO2)  concentration  in  the  melt  on  the 
diamond  resorption,  kimberlite  compositions  with  variable  carbon  (or  CO2) 
concentrations  were  prepared.  They  were  (1)  the  natural  group  1  kimberlite 
composition  from  Wesselton  Mine,  South  Africa  (4.77  wt.%  CO2  and  6.2  wt.%  H2O), 

(2)  the  graphite-doped  compositions  in  which  graphite  powder  (20  wt.%)  was  added  to 
the  Wesselton  kimberlite,  (3)  the  carbonate-doped  compositions  in  which  CaC03  (30 
and  50  wt.%)  was  added  to  the  natural  kimberlite,  and  (4)  the  synthetic  kimberlite 
compositions  in  which  SiC>2,  Al2C>3,Ti02,  MnO,  MgC03,  CaCC>3,  Na2CC>3,  and 
K2CO3  were  mixed  with  Fe,  FeO,  or  Fe203.  No  H2O  was  added  to  these  synthetic 
compositions. 

All  diamonds  in  the  run-products  exhibited  a  variety  of  resorption  features  on 
{111}  face  including  both  negatively  and  positively  oriented  trigons,  hexagonal  deep 
pit,  and/or  shallow  depression  with  hexagonal  morphology.  In  addition,  in  most  of  the 
run-products,  except  for  those  with  graphite-doped  kimberlite,  the  diamonds  showed 
preferential  resorption  of  corners  and  edges  of  octahedron.  In  the  runs  with  the  natural- 
kimberlite  and  carbonate-doped  natural-kimberlite  compositions,  extensive  resorption 
occurred  and  no  octahedral  faces  were  preserved  after  120  min.  In  those  run,  knob¬ 
like  asperities  were  noted  on  corners  and  edges.  Kimberlite  portions  of  the  run- 
products  were  composed  of  dendritic  quench-crystal  aggregates.  No  graphite  was 
present  in  all  the  runs,  except  for  those  with  graphite-doped  kimberlite  composition. 

All  diamonds  in  the  runs-products  with  natural-kimberlite  and  carbonate-doped 
natural-kimberlite  compositions  showed  negatively  oriented  trigon.  A  majority  of  the 
pits  are  sharply  edged  trigons  but  some  shallow  pits  are  in  the  rounded  triangular 
shape  with  rounded  bottom  surface.  The  trigons  include  the  types  of  pyramidal- 
shallow,  pyramidal-deep,  flat-bottomed-sallow,  and  flat-bottomed-deep,  as  classified 
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by  Frank  and  Lang  (1965).  Small  trigons  (<  1  \im)  of  both  flat-bottomed  and  pyramidal 
exists  within  the  relatively  large  trigons.  The  size  of  trigon  clearly  increases  with  run 

temperature  and  run  duration.  Addition  of  carbonate  to  the  kimberlite  composition 
suppressed  the  resorption  of  diamond. 

In  the  runs  with  graphite-doped  kimberlite  composition,  the  diamonds 
exhibited  no  noticeable  change  in  the  original  habit.  No  deep-trigon  was  observed  in 
those  runs.  The  diamonds  were  covered  by  graphite  and  showed  shallow 
depressions  with  hexagonal  morphology  on  {1 1 1}  face  but  their  corner  and  edge  of 
octahedron  were  well  preserved. 

In  the  runs  with  synthetic-kimberlite  compositions,  both  negatively  and 
positively  oriented  trigons  were  formed  on  {1 1 1}  face.  In  some  runs,  sharply  edged 
hexagonal  deep  pits  were  present  on  {111}  face.  The  run  with  a  melt  containing  iron 
of  higher  oxidation  state  showed  higher  degree  of  resorption  features.  For  example, 
in  the  run  with  Fe203-doped  synthetic  composition  at  1500°C  and  2.5  GPa  for  10 
min,  corners  and  edges  of  octahedron  were  extensively  resorbed  and  only  50  %  of 
area  of  {1 1 1}  face  was  preserved.  To  the  contrary,  in  the  run  with  FeO-doped 
synthetic  composition  at  the  same  run  condition,  only  25  %  of  area  of  {1 1 1}  face  was 
resorbed,  and  no  apparent  change  was  noted  in  the  original  habit  of  the  diamond  of 
the  run  with  Fe-doped  synthetic  composition. 

Resorption  of  diamond  is  thought  to  occur  within  transporting  kimberlite 
magma  (Robinson  et  al.,  1989).  The  present  experiments  clearly  demonstrate  that 
diamond  resorbed  in  the  kimberlite  melts  in  the  graphite  stability  field.  The  resorption 
features  observed  are  similar  to  those  reported  from  natural  diamonds  (Frank  and 
Lang,  1965;  Robinson  et  al.,  1989).  The  results  suggest  that  the  resorption  of 
diamond  to  kimberlitic  melt  is  a  process  controlled  by  temperature,  time,  carbon 
concentration  and  oxidation  state  of  a  resorption  agent.  Higher  temperature,  higher 
oxidation  state,  and  lower  CO2  concentration  of  the  kimberlitic  melts  seem  to  be 
favorite  conditions  for  the  dissolution  of  diamond  to  kimberlite  melt.  It  is  likely  that 
carbon  was  dissolved  in  the  melt  as  CC>2„ 
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MELTING  EXPERIMENTS  ON  THE  JOIN  DIOPSIDE-MAGNESITE  AT 
7  GPa  AND  THEIR  BEARING  ON  THE  GENESIS  OF  KIMBERLITE 
MAGMAS 

Arima1,  M.,  and  Presnall2,  D.C. 

1.  Geological  Institute,  Yokohama  National  University,  Tokiwadai,  Hodogaya-ku, 
Yokohama  240,  Japan 

2.  Center  for  Lithospheric  Studies,  University  of  Texas  at  Dallas,  Richardson,  Texas 
75086-0688,  USA 

The  presence  of  volatile  components  such  as  H2O,  CO2  and  CH4  play  a 
major  role  in  petrogenetic  processes  in  the  Earth's  mantle.  The  transport  of  volatile 
components  in  the  mantle  is  dominated  by  the  migration  of  "fluid"  (volatile-rich  melts 
or  low-density  supercritical  fluids)  thought  to  be  highly  enriched  in  K,  Rb,  and  other 
elements  incompatible  with  mantle  peridotites  and  ecJogites.  It  is  widely  accepted 
that  mantle  metasomatism  and  diamond  genesis  have  been  associated  with  the 
presence  of  carbon-rich  kimberlitic  melts.  Melting  relationships  in  the  quaternary 
system  forsterite-diopside-enstatite-magnesite,  closely  approximate  those  of  a 
carbonated  mantle,  and  are  important  to  an  understanding  of  the  generation  of 
kimberlitic  and  carbonatitic  magmas.  Experimental  data  for  a  carbonated  mantle  at 
pressure  greater  than  5  GPa  is  limited.  In  the  system  enstatite-magnesite  at  8  GPa, 
Katsura  and  Ito  (1990)  found  that  the  liquidus  boundary  between  the  enstatite  and 
magnesite  fields  occurs  at  59  wt.%  magnesite.  In  the  system  forsterite-enstatite- 
magnesite  at  9  GPa,  Hirayama  and  Fujii  (1995)  found  that  the  melt  composition  in 
equilibrium  with  forsterite,  enstatite  and  magnesite  contains  45  wt.%  CO2  and  20 
wt.%  Si02-  Melting  experiments  in  simplified  peridotite  +  CO2  system  by  Canil  and 
Scarfe  (1990)  indicate  that  kimberlite  magmas  could  be  derived  by  partial  melting  of 
carbonated  peridotite  at  5  to  7  GPa,  but  melt  compositions  above  7  GPa  are  more 
Mg-rich  than  any  kimberlite  compositions. 

In  order  to  extend  these  data  and  more  toward  a  better  understanding  of 
phase  relationships  in  the  quaternary  system  Ca0-Mg0-Si02-C02,  we  have  studied 
melting  relationships  on  the  join  diopside-magnesite  at  7  GPa  using  a  multianvil 
apparatus  at  the  University  of  Texas  at  Dallas.  The  octahedrons  used  were  made  of 
95%  MgO  and  5%  Cr2C>3.  All  experiments  were  carried  out  with  an  octahedron  of  18 
mm  edge  length,  WC  cubes  with  1 1  mm  truncation,  a  W3Re/W26Re  thermocouple 
positioned  axially  and  directly  above  the  capsule,  a  stepped  graphite  heater,  and  a 
welded  Pt  sample  capsule.  Temperatures  were  not  corrected  for  the  effect  of 
pressure  on  thermocouple  emf.  To  remove  water,  the  octahedron  assembly,  except 
for  the  sample  capsule,  was  preheated  for  1  hour  at  1000°C.  The  sample  capsule 
was  heated  for  24  hours  at  180°C  immediately  prior  to  sealing  by  welding.  The 
sealed  sample  capsule  was  then  loaded  into  the  octahedron  assembly  and  the 
entire  assembly  heated  again  at  180°C  for  24  hours.  The  pressure  calibration  at  high 
temperature  is  based  on  the  melting  point  of  CaMgSi206  at  2.5  and  5.0  GPa  (Boyd 
and  England,  1963),  the  quartz/coesite  transition  at  3.0  GPa  (Bohlen  and  Boettcher, 
1982),  and  the  garnet/perovskite  transition  of  CaGeC>3  at  6.0  GPa  (Susaki  et  al., 
1985).  The  starting  materials  were  prepared  from  gem  quality  natural  magnesite 
(Young,  NSW,  Australia)  and  synthetic  crystalline  diopside.  The  capsule  was 
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subhorizontally  placed  to  minimize  gravitational  settling  of  crystalline  phases. 

Melting  experiments  of  synthetic  diopside  at  various  temperatures  indicate  a 
temperature  variation  within  the  sample  capsule  of  about  20-30°C. 

The  liquid  portions  of  the  run-products  were  composed  of  fine-grained 
dendritic  quench-crystal  aggregates.  The  quench  phases  were  dolomitic  carbonate 
and  diopsidic  pyroxene  showing  a  feathery  texture  readily  distinguished  from  the 
euhedral  primary  phases.  The  liquid  compositions  were  determined  by  electron 
microprobe  analyses  on  the  quench-crystal  aggregates  using  a  defocused  beam. 
The  primary  clinopyroxene  at  a  given  starting  composition  exhibits  a  systematic 
increase  of  the  Mg/(Mg+Ca)  ratio  with  increasing  temperature,  which  suggests  that 
the  primary  clinopyroxenes  reached  equilibrium.  Tbe  primary  enstatite  and 
magnesite  also  exhibit  a  narrow  but  systematic  compositional  variation  with 
temperature. 

The  liquidus  temperature  for  magnesite  and  the  solidus  temperature  for 
magnesite  +  enstatite  assemblage  were  determined  at  2000°C  and  1680°C 
respectively  (Fig.  1 ),  values  that  are  consistent  with  the  results  on  the  enstatite- 
magnesite  join  by  Katsura  and  Ito  (1990).The  enstatite  and  forsterite  liquidus  fields 
cross  the  join  diopside-magnesite  and  create  a  boundary  between  the  diopside  and 
enstatite  fields  at  roughly  41  wt.%  magnesite,  a  boundary  between  the  enstatite  and 
forsterite  fields  at  roughly  71  wt.%  magnesite,  and  a  boundary  between  forsterite  and 
magnesite  fields  at  roughly  82  wt.%  magnesite  (Fig.  1). 

The  solidus  for  diopside  +  magnesite  is  located  at  about  1425°C.  Liquid  in  the 
run-products  above  1600°C  exhibit  a  systematic  shift  toward  C02-rich  and  SiC>2- 
poor  compositions  as  crystallization  proceeds.  An  extremely  small  amount  of  quench 
crystal  aggregate  (after  liquid)  exists  in  runs  at  1450  and  1500°C  but  its  composition 
could  not  be  directly  determined  by  electron  microprobe.  Chemographic  analysis, 
however,  suggests  that  the  minimum  melt  composition  in  equilibrium  with  forsterite, 
enstatite,  diopside,  and  magnesite  is  characterized  by  moderate  Mg/(Mg+Ca)  ratio 
(0.55),  very  high  CO2  (>  50  wt.%)  and  low  SiC>2  (<2  wt.%)  as  shown  in  Fig.  2.  This 
melt  composition  lies  outside  the  forsterite-enstatite-diopside-magnesite  tetrahedron, 
which  implies  that  a  peridotitic  mantle  containing  magnesite  melts  incongruently  at  7 
GPa  to  form  a  carbonatitic  initial  melt  (Fig.  3). 

Our  results  are  consistent  with  the  data  on  melting  of  natural  group  II 
kimberlite  compositions  (Yamashita  et  al. ,  1993,  this  volume)  which  show  that 
phlogopite  is  no  longer  a  stable  phase  above  6.5  GPa  and  extremely  CO2-  and 
K20-enriched  and  Si02-poor  melts  can  be  in  equilibrium  with  garnet  peridotite  at 
pressure  above  8.5  GPa.  Navon  et  al.,  (1988)  showed  that  melt  (or  fluid)  inclusions 
in  cubic  diamonds  are  enriched  in  CO2  and  H2O,  and  contain  appreciable  amounts 
of  K2O,  Si02,  CaO  and  other  oxides,  compositions  that  are  broadly  similar  to 
kimberlite  and  lamproite  compositions.  A  genetic  link  between  such  carbon-rich 
kimberlitic  melts  and  diamond  was  experimentally  suggested  by  Arima  et  al.,  (1993, 
this  volume),  who  demonstrated  that  diamonds  crystallize  and  grow  in  carbon-rich 
kimberlite  melts  at  7-7.7  GPa  and  1 800-220Q°C.  Upward  migration  of  such  carbon- 
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rich  kimberlitic  melts  might  result  in  diamond  formation  and  mantle  metasomatism  in 
the  subcratonic  lithosphere. 

Temp(°C) 


Fig.  1 .  Phase  relationships  for  the  join  of  diopside  and  magnesite  at  7.0  GPa.  The 
melting  temperature  of  diopside  at  7  GPa  is  estimated  by  the  extrapolating  the  data 
of  Boyd  and  England  (1963)  using  the  Simon  equation  given  by  them. 


Fig.  2.  Liquid  compositions  in  runs 
above  1600°C  plotted  in  terms  of 
CaO-MgO-SiC>2  (left)  and.C02-Ca0- 
MgO  (right). 


Fig.  3.  Schematic  diagram  showing 
liquidus  phase  relationships  in  the  system 
Fo-En-Di-Mc.  The  invariant  point  (I) 
where  liquid  coexists  with  Fo,  En, 

Di  and  Me  lies  outside  of  the  tetrahedron. 
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The  Cl 4  kimberlite  is  one  of  approximately  11  kimberlite 
occurrences  located  near  Kirkland  Lake,  Ontario.  A  drillhole 
which  intersects  both  diatreme  and  hypabyssal  facies  kimberlite 
within  the  pipe  has  formed  the  basis  of  a  detailed  investigation 
of  the  spinel  mineralogy  of  the  kimberlite.  Over  350  new  spinel 
analyses  can  be  grouped  into  three  distinct  spinel  populations 
within  the  diatreme: 1)  spinels  associated  with  the  kelyphitic 
rims  on  garnets,  2)  spinel  macrocrysts,  and  3)  groundmass  spinel 
microphenocrysts . 

The  spinels  associated  with  garnet  kelyphite  rims  are  of 
variable  size  (>50  pm  to  <5  pm) ,  and  occur  as  euhedral  to 
subhedral,  brown,  translucent  crystals  occurring  within  the 
kelyphite  proper  or  intergrown  with  associated  mica  and 
clinopyroxene .  Generally  these  spinels  are  Al-rich  with  CR#  < 

0.3  (where  CR#  =  Cr/ (Cr  +  Al) )  although  some  do  range  up  to  CR# 

=  0.7.  The  MG#  (where  MG#  =  Mg/ (Mg  +  Fe?+)  of  this  group  of 
spinels  is  restricted  from  0.7  to  0.9.  The  majority  of  the 
kelyphitic  spinels  are  homogeneous,  however  spinels  with  Cr-rich 
cores  ( CR#  =  0.4  to  0.7)  and  Cr-poor  rims  ( CR#  =  0.1  to  0.25)  do 
occur  associated  with  a  single  garnet. 

The  second  spinel  population  consists  of  relatively  large  (> 
0.08  mm),  well  rounded,  red  transparent  to  opaque  grains  which 
have  beep  identified'  in  the  nucleated  autoliths  and 
serpentine/calcite  matrix  of  the  diatreme  facies  as  well  as  in 
the  hypabyssal  kimberlite.  These  spinels  are  considered 
macrocrysts  and  are  characterized  by  high  chromium  contents  (>50 
wt %  Cr203)  with  CR#  =  0.7  to  0.9  and  MG#  =  0.5  to  0.65.  In 
general  the  macrocryst  spinels  are  chemically  homogeneous, 
although  some  are  mantled  by  a  thin  rim  of  titanium-rich 
magnetite.  Traditional  ratio  plots  are  not  particularly 
effective  at  distinguishing  these  spinels  as  a  distinct 
population  from  early  forming  chromite  microphenocrysts  (figs.  1 
and  2).  However,  a  Cr  vs.  Fe2+  plot  delineates  these  macrocryst 
grains  as  being  compositionally  distinct  from  the  early  forming 
groundmass  spinels  (fig.  3) .  Based  on  the  different  appearance 
and  chemistry  of  the  macrocryst  spinels  they  are  interpreted  as 
being  true  xenocrysts,  transported  from  depth  within  the 
kimberlite.  The  few  points  on  figure  3  which  overlap  the 
groundmass  spinel  field  represent  rim  analyses  of  grains  in  the 
hypabyssal  kimberlite.  These  more  evolved  compositions  are 
considered  to  be  the  result  of  the  reinitiation  of  spinel  growth 
at  the  edges  of  these  grains  within  the  kimberlite  melt. 
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Microphenocrystal  groundmass  spinels  are  a  ubiquitous  phase 
in  both  facies  of  kimberlite.  They  are  very  small  (generally 
<0.03  mm),  euhedral  to  anhedral,  opaque  crystals  and  may  occur  as 
solitary  grains  or  as  inclusions  in  perovskite  and,  less 
commonly,  in  olivine.  Chemically  these  spinels  exhibit  two 
zonation  trends.  The  first  trend,  occurring  in  titaniferous 
magnesian  aluminous  chromites  (TIMAC)  (terminology  of  Mitchell, 
1986),  is  one  of  increasing  CR #  (0.7  to  0.9)  at  restricted  MG# 
(0.4  to  0.5)  and  constant  Fe3+  and  Ti  (Figs.  4  and  5).  This  Cr- 
enrichment  trend  occurs  in  the  earliest  crystallizing  chromites 
of  both  facies  of  kimberlite  and  includes  those  crystals  which 
are  included  within  silicates.  The  second  chemical  trend 
exhibited  by  the  groundmass  spinels  occurs  in  complexly  zoned 
grains  ranging  from  TIMAC  to  titaniferous  magnetite.  This 
zonation  trend,  best  displayed  in  the  hypabyssal  kimberlite,  is 
one  of  decreasing  Cr  and  Al,  and  increasing  Ti,  Fe3+,  and  Fe3+/Fe2+ 
(figs.  1-5).  Fe2+/(Fe2+  +  Mg)  remains  relatively  constant  over 

much  of  the  trend,  however,  the  latest  forming  titaniferous 
magnetites  tend  to  be  Mg-poor.  In  the  diatreme  facies,  spinels 
showing  this  second  trend  have  been  identified  only  within 
nucleated  autoliths  and  pelletal  lapilli  and  never  in  the  latest 
forming  serpentine/calcite  matrix.  Where  the  Ti-magnetite  does 
occur  it  may  form  as  small  (<0.01  mm)  discrete,  euhedral  grains, 
as  rims  on  continuously  zoned  TIMAC,  or  as  atoll  spinels  with  a 
TIMAC  core  and  thin  (1-10  pm)  Ti-magnetite  rim  separated  by  a  gap 
filled  with  a  cryptocrystalline  serpentine-like  material  similar 
in  composition  to  the  matrix.  Occasionally,  atoll  spinels  occur 
with  euhedral  Ti-magnetite  cores  and  very  thin  (<l-2  pm)  Ti- 
magnetite  rims.  There  appears  to  be  a  continuum  in  crystal  habit 
from  continuously  zoned  spinels  to  the  well  formed  atoll  spinels. 
The  textural  and  chemical  relationships  exhibited  by  atoll 
spinels  suggest  that  this  texture  may  represent  a  growth  feature 
within  the  late  stage  kimberlite  groundmass  rather  than  being  the 
result  of  a  resorption  event  (Mitchell-,  1986)  .  The  initial  Cr- 
enrichment  trend  in  the  earliest  formed  groundmass  chromites  may 
be  explained  if  Al  was  being  removed  from  the  melt  at  a  faster 
rate  than  Cr.  This  may  be  accomplished  by  the  co-precipitation 
of  another  Al-bearing  phase  such  as  phlogopite.  However  early 
phenocrystal  phlogopite  is  not  a. modally  important  phase  in  the 
C14  kimberlite.  The  second  chemical  trend  displayed  by  the 
groundmass  spinels  is  similar  to  Mitchell’s  (1986)  magnesian 
ulvospinel  trend  and  is  interpreted  as  being  the  result  of  late- 
stage  crystallization  from  an  increasingly  oxidized  melt. 

Mitchell,  R.HA  (1986)  Kimberlites:  Mineralogy,  Geochemistry,  and 
Petrology.  Plenum  Press,  New  York. 

Figures  1-5  (next  page) :  Cation  ratio  and  cation-cation  plots  of 
C14  spinels.  Plots'  are  based  on  3  cations  per  4  oxygen.  Crosses 
-  microphenocrysts;  open  squares  -  macrocrysts;  filled  squares  - 
kelyphitic  spinels. 
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ORIGIN  AND  EVOLUTION  OF  MANTLE  MELTS  BENEATH  VITIM  PLATEAU 


Ashchepkov  I.  V.1".  Andre  L'1'.  Litasov  Malkovets  V.Ga> 
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Detail  study  of  mantle  xenoliths  from  Vitim  picrite  basalt  tuff  including  ICP  MS,  EPMA 
analyses  and  isotopy  were  used  to  reconstruct  the  mantle  melts  produced  different  pyroxenite  and 
lherzolite  assemblages  using  published  Kd*s  for  Cp: c-melt  (Hart,  Dunn,  1993).  Five  major  types  of 
melts  were  distinguished. 

1)  Pic  rite-basalt  liquid  forming  black  giant  grained  pyroxenites  and  megacrysts  compile 
the  high-T°  trend  on  the  diagrams  with  some  inflections  due  to  polybaric  crystallization  (fig.  1 ) 
(Ashchepkov,  Andre,  1993,1995).  They  form  intermediate  segregations  or  magmatic  chambers 
estimating  from  PT  conditions  for  black  pyroxenites:  1350-1300°C,  27-25  kbar;  1220-1 150°C,  23- 
21  kbar;  1100-1000°C,  17-16  kbar  and  then  to  950-850°C,  10-12kbar.  The  associations  changes 
from  Cpx-Opx  to  Cpx-Ga-Opx ,  then  Cpx-Ga,  Cpx  only  Cpx-Opx-Ga-Pl ,  Cpx-Il-Phl.  Many 
subtrends  suppose  to  be  formed  in  branched  vein  system  and  several  pulsation  of  magma.  The 
unequilibrium  associations  crystallized  from  evoluating  melts  including  remaining  liquids.  But 
usually  they  results  from  the  repeated  pulsation  of  magma  within  the  same  magmatic  channels. 
The  last  portions  were  more  high  -T°  and  contaminated  in  wall  rock  Iherzolites  and  fluid  enriched. 
Pyroxenites  and  megacrysts  have  the  REE  patterns  of  coexisting  liquids  (fig. 2)  and  isotopic 
features  very  close  to  host  picrite  basalts  (Sr  /  Sr  86=0. 7039-0. 7046  -  OIB  type  magmas)  .  The 
multi-element  spidergram  for  coexisting  liquid  relative  to  primitive  mantle  ( TRJPM)  show  the  flat 
pattern  suggesting  the  origin  from  the  tholeiitic  or  primitive  mantle  source  (fig. 3). 

2)  High  T°  primitive  hybridic  picritic  liquid  formed  series  of  dark-green  and  green 
poicilitic  clinopyroxenites  and  websterites  are  intermediate  between  intergranular  lherzolite  melt 
and  picrite  basalts  revealing  rather  high  content  of  Cr  as  well  as  Ti  in  pyroxenes  suppose  to  be 
produced  by  submelting  of  Iherzolites  under  the  influence  of  volatiles  derived  from  intruded 
basalts  or  high  contamination  of  basaltic  magma  in  lherzolite  material.  These  magams  have  the 
most  flat  REE  pattern  varying  La/Sm  and  Gd/Yb  ratios  due  to  the  diversified  volatile  content  and 
high  Ga  control  possibly  due  to  reactions  on  the  contacts. 

3)  Low  T°  hybridic  fractionated  liquid  derived  Ga  pyroxenites  and  garnetites  is  slightly 
contaminated  and  highly  differentiated  having  the  REE  pattern  correspondent  to  the  carbonatite’s 
Kd  (Klemme  et  al,  in  press)  (flat  or  with  minimum  and  inflections  from  Ce  to  Gd)  influenced  by 
CO2  in  remaining  liquid.  Inclined  slopes  of  REE  pattern  soppose  high  differentiation  degree  in 
moving  system.  Mineral  chemistry  in  such  gray  Ga  pyroxenites  are  very  close  to  those  from 
Amph-Phl- bearing  veins.  These  pyroxenites  represent  the  vein  system  derived  from  the 
intermediate  basaltic  magma  chamber.  Lower  temperatures  determines  lower  Cr  content  and  degree 
of  contamination. 

4)  Anathectic  melts  produced  C.r- 
diopside  websterites  are  close  in  composition  to 
host  Iherzolites  but  slightly  more  radiogenic  in 
Sr  87/Sr  86  and  Ti  enriched.  Such  melts  are 
produced  by  submelting  of  host  Iherzolites  under 
the  influence  of  volatile  derived  from  basaltic 
system.  They  have  more  differentiated  REE  and 
TR/PM  patterns  then  basaltic  melts.  Varied 
degree  of  crystallization  differentiation  is 
controlled  by  Cpx  and  Ga  precipitation.  Their 
minimums  and  inflection  in  LREE  suppose  an 
origin  from  carbonitite-like  melt. 

5)  Intergranular  liquid  in  Iherzolites 
surrounding  basaltic  system  slightly  differ  from 
those  produce  CrDi  veins.  In  some  phlogopite- 
bering  Iherzolites  reconstructed  by  Kd  (Hurt  & 

Dunn,  1993)  coexisting  melts  are  the  most 
differentiated  judging  by  REE  and  TRJPM  line 


(Ca/[Ca+Mg])-temperature  ,  traced  by  Vitim  pyroxenite  xenolith. 
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Melt/Primitive  mantle 


Fig.2.  REE  patterns  for  melts  coexisting  with  clinopyroxenes  from  the  pyroxenite  xenoliths  of 


Miocene  picrite  basalt  tuffs  (Vitim  plateau). 


Fig.3.  Multicomponent  spidergram  for  melts  coexisting  witn  clinopyroxenes  from  the  pyroxenite 
xenoliths  of  Miocene  picrite  basalt  tuffs  (Vitim  plateau). 
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inclinations.  Lherzolites  are  represented  mainly  by  unequilibrium  associations  judging  by  Kd’s  for 
Ga  and  Cpx  and  their  isotopy.  The  Ga  were  crystallized  from  the  liquid  with  the  Kd  close  to 
carbonatitic  while  Cpx  mainly  from  silicate  melts.  It  means  that  in  the  melting  process  Ga  was 
melted  entirely  while  Cpx  only  partly.  The  series  of  Cpx  REE  patterns  suggest  crystallization  from 
the  moving  system.  The  Sr-  Nd/Sm  isotopy  of  lherzolite  Cpx' s  are  correspondent  to  DMM  or 
MORB  source  (Ionov,  Jagoutz,  1988).  The  origin  of  intergranular  liquid  is  referred  to  the  melting 
phenomena  influenced  by  volatile  streams  connected  with  the  deep  seated  sources  or  some  distant 
basaltic  systems. 

Calculated  PT  conditions  for  all  group  of  pyroxenites  allow  to  reconstruct  the  mantle 
column  for  the  time  of  picrite  basalt  eruption.  All  type  of  melts  reveal  their  definite  PT  paths  to 
the  surface  representing  different  convective  geotherms  and  every  petrographic  variety  of 
pyroxenites  drops  at  the  definite  part  of  PT  plot.  Green  hybridic  H-  T°  pyroxenites  most  H-  T° 
black  pyroxenites  and  some  rare  deformed  sheared-like  lherzolites  from  the  deepest  part 
correspondent  to  the  pressure  about  26-28  kbar  and  temperatures  1380-1250°C.  CrDi  veins  mainly 
concentrate  at  the  interval  24-22  kbar  together  with  rare  black  polymineral  pyroxenites  and  some 
ferriferous  CrDi  enriched  in  Ti,  Ga  -  websterites  and  most  of  common  Ga  lherzolites.  The  most 
thick  veins  are  found  at  the  lower  T°  part  of  this  interval  what  means  the  concentration  of  liquid 
at  the  front  of  percolation.  The  next  temperature  interval  1100-1000°C  15-17  kbar  is  correspondent 
to  the  hydrous  and  other  hybridic  veins  while  Ga  gray  hybridic  pyroxenites  are  correspondent  to 
lower  temperature  conditions  900-1000°C.  The  Phi  lherzolites  drops  to  this  interval.  The  next  level 
is  represented  by  low  pressure  basaltic  PZ-Ga-bearing  cumulates  sometimes  with  kaersutite  and 
phlogopite  850-950°C,  10-12  kbar  and  common  spinel  lherzolites  rare  containing  kaersutite.  Last 
portions  of  basaltic  magmas  intruded  the  crust  crystallized  entirely  producing  Ga-Kaer 
clinopyroxenites. 

Model  of  melt  differentiation  in  the  moving  systems  suppose  the  growth  of  the  channels 
from  lower  magmatic  chamber  according  to  magma  fracturing  (Sobolev,  Siplivets,  1986)  and 
simultaneous  precipitation  of  black  pyroxenites  on  the  walls.  At  the  intermediate  stops  they 
produced  magmatic  chambers  and  related  vein  systems  due  to  the  enrichment  in  volatiles  after 
crystallization  differentiation.  Repeated  pulsations  used  the  channels  already  formed.  The  effect  of 
varied  of  differentiation  character  from  rapid  fractionation  in  the  veins  to  the  equilibrium 
crystallization  in  chambers  that  gives  positive  and  negative  anomalies  of  Pb ,  W,  Cu,  Ni  due  to  the 
lost  of  sulfide  liquid  during  derivation  of  fluids  in  openning  magmatic  systems.  Crystallization  of 
the  Phi  and  Ilm  on  the  contacts  brings  to  the  K  and  Ti  minimums.  Permanent  reactions  with  Ga 
on  the  walls  brings  to  the  growth  of  Gd/Yb  ratio.  Reactions  on  the  contacts  seems  to  be  important 
for  K  magmas  with  small  volumes  of  melts.  Mixing  with  submelted  lherzolite  Cpx  brings  to  the 
changing  in  Sr  isotopy.  It  was  found  that  to  change  Sr  87/Sr  86  from  0.7044  to-0.7039  it  is 
necessary  to  mix  95%  of  basalt  with  5r=600ppm  and  95%  of  lherzolite  Cpx  with  5r=0.7020.  This 
solve  the  disagreement  between  the  “deep  seated”  isotopic  signatures  of  basalts  and  correspondence 
of  their  major  components  to  the  PT  conditions  of  more  shallow  level  usually  explained  by  partial 
melting.  Effect  of  the  separation  of  the  REE  in  the  moving  magmatic  column  simply  explain 
zonation  of  minerals  and  changing  of  slopes  of  REE  patterns  for  the  megacrysts.  Mirror-like  REE 
patterns  found  in  highly  differentiated  gray  pyroxenites  are  produced  in  case  of  separation  and 
migration  of  the  enriched  in  REE  heard  of,  magmatic  column  containing  the  most  differentiated 
magmatic  liquid.  The  subtraction  of  more  fractionated  melt  brings  after  the  mixing  with  remaining 
liquid  in  some  reservoir  to  the  decreasing  of  REE  concentration,  increasing  of  HREE  and  LREE 
slopes  and  specific  distributions  in  TRJPM  patterns  characterized  for  example  for  series  of  rocks 
in  some  concentric  ultrfmafic  massif  (Inagly)  (Zinngrebe,  Foley,  in  press). 
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OS- 17103a. 
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STRATIFICATION  OF  UPPER  MANTLE  COLUMNS  BENEATH  VITIM  PLATEAU 
IN  MIOCENE)  AND  QUATERNARY 

Ashchepkov  I.  V(1),  Andre  L.,  Malkovets  V.G.(l),  Litasov  K.D.(I  3) 

(1)  United  Institute  of  Geology,  Geophysics  and  Mineralogy,  Novosibirsk  630090,  Universitetskii  pr.3,  Russia, 

(2)  Musee  Royal  de  Afrique  Centrale,  Steenweg  op  Leuven  B-3080  Tervuren,  Belgium,  (3)  Novosibirsk  State 
University,  Novosibirsk  State  University,  Pirogova  str2,  Novosibirsk  630090,  Russia, 

Series  of  lherzolite  xenoliths  from  two  nearest  locations  of  deep  seated  inclusions  have  been 
analyzed  to  receive  the  information  about  the  variations  in  petrography  PTfo2  conditions  and 
construction  of  the  mantle  column. 

Bereya  picrite  basalt-tuff  lherzolite  xenoliths  represent  starting  period  of  mantle  activity 
referred  to  the  formation  of  lava  plateau.  The  most  common  Gtf-lherzolites  are  very  similar  to  Ga-Sp 
Iherzolites  but  less  oxidized  and  more  fertile  Na,  Ti,  Al  enriched  (fig.l).  Ga  lherzolites  features  are 
subdivided  to  the  several  groups  gradually  reducing  in  grain  size  and  changing  in  structure  from  coarse 
grained  porphyric  Iherzolites  through  mean  grained  foliated  or  deformed  to  fine-  equal  -  grained  varieties 
together  with  temperature  decreasing  from  1150°C  to  950°C.  The  rims  on  the  garnet  changing  from 
presumably  Opx  to  Cpx  and  Sp  in  this  sequence  also  demonstrate  temperature  decrease.The  lower  T° 
interval  (750-900°C)  is  constructed  by  coarse  grained  slightly  depleted  lherzolites  with  Phi  or  Al- rich  Px 
and  Sp  possibly  representing  lithospheric  mantle. 

REE  and  geochemical  features  manifest  the  Cpx  and  Ga  formation  from  moving  melts.  Gradual 
rise  of  Sm/Nd,  Gd/Yb  ratios,  positive  correlation  of  LREE  and  negative  of  HREE  in  lherzolite  Cpx  with 
estimated  temperatures  in  Ga  lherzolites  reveals  Ga  control  while  low  T°  Sp  lherzolites  have  no  Ga 
influence.  Phlogopite  bearing  Iherzolites  are  the  most  REE  enriched  but  slightly  depleted  varieties  show 
crystallization  from  the  carbonatite  -  like  liquid  remaining  after  the  migration  of  more  differentiated  melt 
and  mixing  the  remaining  liquid.  The  natural  distributions  of  REE  in  Cpx  (Ionov  et  al.,1993)  are 
modeling  by  simple  removing  of  more  differentiated  melt  (Fig.  3). 

In  Dzhilinda  site  the  following  groups  varying  in  structural  features  were  distinguished. 
According  to  PT  estimates  and  their  projection  on  geotherm  three  temperature  intervals  and  depth  levels 
were  found. 

1)  Most  primitive  and  H-T°  (1030-1200  C°)  and  deep  seated  peridotites  are  represented  by 
pseudogamet  and  spinel  lherzolites,  close  to  them  in  mineral  chemistry  with  protogranular  or 
porphyroclastic  structure  with  dunite  lenses.  They  represent  the  jut  of  the  oxidized  and  undifferentiated 
asthenospheric  material. 

2)  Next  temperature  interval  900-760°  is  exemplified  by  mean  and  fine  grained  lherzolites 
varying  in  oxidizing  conditions  -\<AIogF02<-9  and  as  suggested  was  formed  under  the  influence  of  the 
most  deep  seated  reduced  melts  formed  Vitim  lava  plateau.  They  contain  most  high-/!/  spinel  and 
pyroxene  enriched  in  Na,  Ti,  AL  The  similar  but  more  oxidized  and  enriched  in  Na,  Al  group  is  found  to 
be  a  slightly  more  high  temperature. 

3)  Low  temperature  part  of  the  mantle  section  here  consists  from  the  rocks  with  the  contrast 

chemical  features.  Fine  grained  Iherzolites  very  enriched  in  Ti  having  the  highest  Mg '  and  interesting 
chemistry  (NiO  in  Ol  -  0.65-0.85%  (common  0.3%).  In  Cpx:  FeO  1. 9-2.2%,  Ti02  1.75-2%,  1- 

\2%,  Na20  1.85-2.05%,  AI2O3  6.7-71%;  FeO  in  Sp  the  lowest  10-10.5%,  but  NiO  (0.65-0.75%), 
Mg/(Mg+Al)  and  Cr/(Cr+Al)  ratios  are  one  the  highest.  Together  with  most  ferriferous  varieties  (Cpx 
3. 3-3. 8%,  Sp  14.5-16.5 %FeO)  give  they  represent  pyroxene  enriched  layers.  These  groups  are  one  of 
the  most  oxidized  and  appeared  due  to  the  gradual  concentration  of  differentiated  melt  in  the  top.  Some 
depleted  pyroxenites  and  fine  grained  fertile  constitute  the  other  material  of  the  upper  low  T°  section. 
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Fig.l.  Variation  diagram  for  clinopyroxenes  from  Vitim  lherzolite  xenoliths.  1-  in  Miocene 
picrite  basalt  tuffs;  2-  in  Quaternary  basanites  of  "Lherzolite  site". 
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Fig. 2.  Redox  state  of  lherzolite  xenoliths  from  the  Vitim  plateau.  1-  in  Miocene  picrite 
basalt  tuffs:  2-  in  Quaternary  basanites  of  "Lherzolite  site 
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Two  types  of  mantle  diapirs  or  different  stages  of  development  of  one  single  are 
reconstructed  by  structural  and  chemical  features  for  two  described  mantle  columns  studied.  In  the  T- 
AlogF02  diagram  (fig  lb,2b)  the  arrows  correspond  to  the  decreasing  of  oxidation  state  together  with 
T°  possibly  referred  to  the  influence  of  high-T°  magmatic  source  beneath  the  column.  Lines  going  to  the 
opposite  direction  trace  the  concentration  of  self  oxidized  melts  at  the  top  of  the  mantle  column  during 
the  rising  of  the  mantle  diapir.  This  case  is  typical  for  all  Middle  or  Late  Miocene  mantle  diapirs 
(Sovgavan  plateau.  Far  East,  South  Eastern  Saxonia,  Eastern  Sayan,  etc.,  unpublished  data). 

The  construction  of  the  first  is  simple  development  the  material  rising  from  garnet  facies  under 
the  influence  of  hot  masses  at  the  starting  period  of  mantle  activity.  Only  the  upper  level  here  possibly 
represent  lithospheric  mantle.  Low  amount  of  highly  differentiated  intergranular  melts  is  typical  for  the 
last  period  of  volcanism.  Phlogopite  metasomatose  is  more  characteristic  for  the  garnet  phases  while  77- 
pargasite  and  kaersutite  for  spinel  facies.  The  abundance  of  volatiles  including  H20  was  possibly 
responsible  for  the  homogeneity  of  lherzolite  column,  abundance  of  different  pyroxenites  and  reaction 
rocks. 

Long  history  of  formation  mantle  column  explains  complex  construction  of  Quaternary  diapir. 
Lower  part  here  is  asthenospheric  jet,  middle  part  is  represented  by  Iherzolites  that  are  typical  for  the  all 
Late  Miocene  locations  in  Vitim  plateau.  Very  low  oxidation  state  is  possibly  exemplify  the  path  of  the 
most  deep  seated  plum  material  generated  lava  plateau.  In  the  upper  part  two  types  of  melts  probably 
referred  to  two  periods  of  mantle  evolution  were  concentrated  in  the  lenses  enriched  in  pyroxenites.  First 
is  melt  equilibrated  with  Iherzolites  but  highly  differentiated  due  to  the  fraction  crystallization.  The  next 
one  is  correspondent  to  more  ferriferous  melts  with  low  alkalinity.  Low  alkaline  basalt  were  found  at  the 
middle  and  low  part  of  theMiocene  lava  plateau.  Depleted  mantle  xenoliths  possibly  are  referred  to  the 
some  ancient  period  of  mantle  development  of  the  lithosphere. 

Intrusion  of  melts  brings  to  the  fracturing  and  formation  of  relatively  more  oxidized  Sp  zones  in 
Ga  Iherzolites,  The  interesting  feature  is  presence  of  dunite  lenses  in  the  lower  Ga  bearing  porphyric 
Iherzolites  in  both  Miocene  and  Quaternary  mantle  columns  similar  to  Burkal  (Khentei  ridge) 
(Ashchepkov,  Litasov,  1992).  and  Tokinskii  Stanovik  (Solovieva,  1994).  These  lenses  seems  to  be 
produced  by  washing  of  peridotites  by  fluid  or  volatile  stream  connected  with  deep  magmatic  system 
because  they  have  no  reaction  relations  with  Iherzolites.  The  dunites  and  harzburgites  are  characteristics 
at  deep  level  of  mantle  columns  sampled  by  kimberlites  (Pokhilenko,  et  al.,  1986).  Their  origin  here  may 
be  referred  to  the  ancient  subduction  derived  fluids  as  well  as  the  influence  of  the  high-temperature 
volatile  enriched  kimberlite  magma. 
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17103a. 
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RUTILES  FROM  ECLOGITE  XENOLITHS  OF  “ROBERTS  VICTOR” 
KIMBERLITE  PIPE  (S.  AFRICA) 


BABICH ,  Yu.V.,  SOBOLEV ,  N.V. 

Inst,  of  Mineralogy  and  Petrography,  Universitetsky  prosp.,3,  Novosibirsk,  630090  Russia 


The  available  data  on  impurities  in  rutiles  (Fe,  Cr,  A1  etc.)  from  various  geological  enviroun- 
ments  have  demonstrated  the  compositional  features  that  are  important  for  the  geothermobarometry 
(Sobolev,  1972,  Haggerty,  1976;  Fett,1991).  The  present  investigation  was  based  on  27  eclogite  xeno- 
liths  fragments  from  “Roberts  Victor”  kimberlite  pipe  previously  checked  on  presence  of  rutile.  In  all 
samples  the  rutile  was  found  in  silicate  matrix  consisted  of  weathered  clinopyroxene  and  fresh 
Py47Alm3oGros23  garnet  with  minor  impurities  of  chromium  and  titanium  (<0.7wt.%  oxides  in  sum). 
Mostly  the  accessoric  rutile  forms  small  xenomorphic  grains  located  on  or  near  garnet-pyroxene 
boundaries.  Sometimes  the  rutile  associate  with  complex  polycrystalline  sulfides  aggregates. 

As  the  microscope  inspection  has  shown  all  the  rutiles  grains  from  eclogites  contain  inclu¬ 
sions  that  are  the  common  features  for  rutiles  from  different  occurrences  (Haggerty,  1976;  Wyatt, 
1979).  The  inclusions  in  rutiles  from  “Roberts  Victor”  eclogites  can  be  divided  in  two  types: 

A-Type  —  elongated  grains  (up  to  40-50  microns  in  length  and  about  5  microns  thick)  form  regular 
geometric  structure  that  is  seem  to  relate  with  cleavage  planes.  Microprobe  analysis  gave  the  follow¬ 
ing  results:  TiC>2  -about  45  wt.%,  AI2O3  -up  to  31  wt.%,  FeO  -  up  to  20  wt.%  and  MgO  -  3-4  wt.%. 
L-Txpe  —  small  fragments  of  massive  xenomorphic  grains  and  rims  located  in  peripheral  parts  of 
rutile  particles.  Composition  evaluated:  Ti(>2  -  up  to  80-85  wt.%,  FeO  -  20-22  wt.%  and  MgO  -  no 
more  than  lwt.%.  Since  a  luck  of  data  obtained  the  polyphase  content  of  both  type  inclusions  can  not 
be  excluded. 


In  the  composition  of  the  rutiles  the  main  impurities  are  Fe+2,+3  and  AI2O3.  In  minor  quantity 
the  following  additional  elements  were  detected:  (0.02-0.6w.%,  average  content  -  0.25w.%), 

Cr203  (0.025-0.7  and  0.23w.%  accordingly)  and  Mn,  V,  Mg  (as  trace  elements).  The  total  sum  of 

impurities  in  the  rutiles  falls  into  the 
range  3.5-4.0  wt.%.  The  main  features  of 
the  rutile  composition  are  displaying  on 
Fig.l.  The  average  AI2O3  content  is 
about  0.5wt.%,  but  the  amount  of  iron 
varies  more  considerably  -  from  0.5  to  3 
wt.%  (calculated  as  hematite,  Fe2C>3). 

The  total  iron  content  should  be  strongly 
dependent  on  redox  origin  conditions 
since  the  iron  in  the  rutile  structure  gen¬ 
erally  exists  in  trivalent  form  (Putnis, 
1978;  Zhang,  1990).  The  evaluation  of 
the  redox  variation  range  using  data  for 
harzburgite  assemblage  (Babich,  1992) 
gives  the  values  up  to  3.0  relative 
log.units  (in  terms  of  divergence  from  QFM  buffer)  during  the  rutile  origin.  The  range  obtained  indi- 
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Fig.1  The  composition  of  the  rutiles  from  ’’Roberts 
Victor”  eclogites. 
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SOME  PHLOGOPITE  FORMATION  STAGES  (ON  THE  EXAMPLE  OF  STUDY  OF 
PHLOGOPITE  FROM  THE  PIPE  "MIR"). 

Babushkina , S . A . 

National  Research  Center  on  Diamonds,  Gemstones  and  Gold,  22 
Lenin  pr . ,  Yakutsk,  677892,  Russia 

Phlogopite  and  crystal  inclusions  in  it  from  the  Mir  kimber¬ 
lite  pipe  have  been  analysed  on  an  electron  microprobe.  The 
phlogopite,  taken  from  both  hand  specimens  and  kimberlite  mo¬ 
nofractions,  was  represented  by  lxl  to  1 . 5x1 . 5  mm  grains.  The 
latter  were  mostly  isometric  and  molten,  with  the  previous 
hexagonal  facets  of  the  platelets  still  discernible.  All  in 
all,  243  phlogopite  grains  were  analyzed,  of  which  78  had 
inclusions  in  them.  Diagnosed  as  crystal  inclusions  were 
chrome-spinell id  (in  62  grains),  picroi lmenite  (in  12  gra¬ 
ins),  garnet  (in  6  grains),  and  chrome-diopside  (in  3  gra¬ 
ins)  . 

The  results  revealed  that: 

1.  Chrome-spinell id  inclusions  in  the  mica  are  represented  by 
both  irregular-shaped  microinclusions  epitaxially  intergrown 
with  the  host  mineral  and  well-formed  crystals  measuring  from 
first  tens  of  microns  to  0.4x0. 4  mm.  Compositionally ,  the 
inclusions  can  be  divided  into  six  groups.  Group  1  comprises 
high-Cr  (Cr2 03 =59 . 73%) ,  low-Ti  (Ti02=0.48%)  and  low-Al 

( Al2 03 =5 . 38%)  ones.  Group  2  is  characterized  by  low  Cr 
( Cr2 03 =51 . 75% ) ,  high  Ti  (Ti02=1.64%)  and  high  A1 
( Al2 03 =6 . 54% )  contents.  Group  3  has  still  lower  Cr  (47.44%) 
and  still  higher  Ti  and  A1  (1.93%  and  8.63%,  respectively) 
contents.  Group  4  is  characterized  by  the  following  composi¬ 
tion:  Cr2 03 =44 . 33%,  Ti02=3.88%  and  Al203=3.64%.  Group  5  has 
lower  Cr  (39.64%),  moderate  A1  (3.73%)  and  maximum  Ti  (7.01%) 
contents.  Group  6  is  still  lower  in  Cr  (29.14%)  and  moderate 
in  A1  (6.17%)  and  Ti  (4.07%). 

In  all  compositional  diagrams,  these  groups  form  stable  areas 
with  certain  regularities.  For  example,  in  the  Ti02-Cr203  di¬ 
agram  for  chrome-spinellid  inclusions,  spinels  of  Group  2  and 
Group  3  display  a  positive  correlation  between  Ti  and  Cr, 
whereas  for  Group  5  and  Group  6  the  correlation  is  reversed. 

In  their  major-element  proportions.  Group  1  chrome-spinellids 
correspond  to  those  from  ultrabasic  xenoliths  and  fall  into 
the  field  of  diamond-associated  chromites.  Groups  2  and  3 
correspond  in  composition  to  chrome-spinellids  from  sheared 
dunites.  Groups  4,5  and  6  correspond  to  chrome-spinellids  in 
high-Cr,  zoned  garnets  and  chrome-spinellids  from  xenoliths 
and  concentrates  of  kimberlite  pipes. 

2.  There  are  mostly  single  picroilmenite  inclusions,  although 
two  inclusions  in  one  mica  grain  are  not  unusual.  They  vary 
in  size  from  first  tens  of  microns  to  0.4x0. 4  mm.  Most  frequ¬ 
ently,  they  are  restricted  to  the  peripheral  parts  of  zoned 
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phlogopites.  Where  zoning  is  not  visible,  the  inclusions 
still  tend  to  occur  at  the  periphery  of  the  host  grains.  The 
average  composition  of  the  analyzed  picroilmenites  is: 
10.00-15.91%  MgO,  0.07-0.82%  Al2 03 ,  46.06-54.53%  Ti02 , 

0.15-7.29%  Cr203 . 

Comparison  of  these  picroilmenites  with  those  from  kimberlite 
concentrates  from  the  Mir  pipe  has  led  to  the  following  conc¬ 
lusion:  the  inclusions  in  mica  are  have  higher  Mg  and  Ti  con¬ 
tents  relative  to  the  ilmenites  from  kimberlite  concentrates; 
picroilmenite  inclusions  in  mica  form  an  independent  group  of 
ilmenites  on  a  MgO -Cr 20 3  diagram. 

By  their  Mg0+Ti02 ,  Fe0+Ti02  and  Cr203+Al203  ratios,  the  ana¬ 
lysed  samples  plot  onto  the  trend  of  picroilmenites  from  gar- 
net-ilmenite  peridotites  and  pyroxenites,  ilmenite  perodoti- 
tes  and  pyroxenites  and  ilmenites  of  diamond  association. 

3.  Garnet  has  been  diagnosed  in  six  phlogopite  grains.  In  one 
grain,  it  occurs  as  an  inclusion  in  a  chrome-spinell id  (the 
garnet  size  is  6x10  microns) ;  in  the  others,  it  occurs  as  re¬ 
latively  large  (0.2  mm  and  more)  inclusions  and  intergrowths. 
They  contain  Cr  within  3.01-8.94%,  Ca  within  4.81-10.58%,  Ti 
within  0.01-1.01%. 

Three  of  the  analyzed  garnets  refer  to  knorr inghite-pyropes , 
two  to  almandine-pyropes  and  one  to  uvarovite-pyrope .  In  the¬ 
ir  composition,  the  knorr inghite-pyropes  correspond  to  shea¬ 
red  Iherzol ites  and  inclusions  in  diamonds;  the  uvarovite-py¬ 
rope  corresponds  to  garnets  from  wehrl ite-paragenesis  mine¬ 
rals-  inclusions  in  diamonds;  one  of  the  almandine-pyropes 
plots  in  the  field  of  the  garnets  in  paragenesis  with  two  py¬ 
roxenes  and  the  intergrowths  with  polycrystalline  diamond 
aggregates,  whereas  the  other  plots  at  the  boundary  between 
the  garnets  from  Iherzol ites  and  wehrl ites. 

4.  Clinopyroxene  inclusions  correspond  in  composition . to  the 
chrome-diopside  with  insignificant  yreite  component  admixture 
(Na0=2 . 23%,  Cr203=2.22%,  Al2 03 =1 . 88% ) .  The  Ca/Ca+Mg  ratio  is 
0.51.  These  inclusions  conform  in  composition  to  inclusions 
in  diamonds  or  olivines. 

5.  The  inclusions-bearing  phlogopite  form  two  clearly-defined 
populations  in  the  Cr2 03  -mg  diagram,  one  characterized  by 
0.77%  Ti02  and  5.11%  FeO  and  the  other  by  0.26%  Ti02  and  2.91 

%  FeO. 

The  first  population  of  the  phlogopites  is  divided  into  three 
groups  which  exhibit  regular  compositional  variations  with 
increasing  Cr  and  Mg  from  earlier  to  later  individuals.  The 
three  groups  contain  chrome-spinel lid  inclusions  of  Groups  1, 
2,  3  and  4;  phlogopites  of  the  first  group  also  contain  gar¬ 
net  and  chrome-dopside  inclusions. 

The  second  population  is  divided  into  two  groups.  The  first 
group  includes  the  most  Cr-high  and  most  Mg-high  varieties 
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and  contains  chrome-spinellid  inclusions  of  Group  4,  as  well 
as  garnet  and  chrome-spinellid  of  Group  5.  With  further  crys¬ 
tallisation,  the  composition  of  the  phlogopites  and  the  para- 
genesis  of  their  inclusions  changes.  They  contain  chrome-spi¬ 
nellid  of  Group  6  and  picroi lmenite  as  inclusions. 

Thus,  the  compositions  of  the  studied  crystalline  inclusions 
and  their  host  micas  suggest  that  they  originated  in  relation 
to  deep  processes.  It  appears  that  phlogopites  of  the  first 
population  and  their  crystalline  inclusions  come  from  ultra- 
basic  mantle  xenoliths  and  were  liberated  into  kimberlite 
breccia  upon  their  disintegration.  The  second  population  and 
its  crystalline  inclusions  appear  to  have  resulted  from  an 
independent  process  involving  the  already  formed  complex  of 
the  first  population  minerals  that  terminated  in  crystalliza- 
ton  of  phlogopite  analogous  in  composition  to  that  in  perip¬ 
heral  zones  of  phlogopite  phenocrysts  from  kimberlite  brecci¬ 
as  . 
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MINERALOGICAL  AND  GEOCHEMICAL  FEATURES  OF  NEW  PROVINCE  OF 
ALKALI -ULTRAMAF I C  LAMPROPHYRES,  LAMPROITES  AND  KIMBERLITES  OF  THE 
KOLA  PENINSULA  AND  NORTHERN  KARELIA 

Bagdasarov^  E.A. ,  Lukiyanova^  L.I.  and  Simakov1, S.K. 

1.  Russian  Geological  Research  Institute;  Sredny  prosp.  74, 
St. Petersburg,  199026,  Russia 

New  province  of  dikes  and  explosion  pipes  of 
alkali-ultrabasic  lamprophyres,  lamproites  and  kimberlites  of  the 
southern  part  of  the  Kola  Peninsula  and  of  the  Northern  part  of 
Karelia  are  described.  In  this  region  dikes  of  alkali-ultrabasic 
compositions  are  classified  into  dikes  associated  with  massifs, 
and  autonomous,  the  second  ones  are  considered  in  the  present 
abstract.  The  main  fields  of  the  alkali-ultrabasic  lamprophyres 
and  explosion  pipes  occured  on  the  irelands  of  the  Kandalaksha 
Bay,  Tersky  coast,  as  well  as  in  southeastern  areas  surrounding 
the  Khibiny  and  the  Kovdor  massifs.  Lamproites  occured  in  the 
North  Karelia  near  the  Kostomuksha  iron  deposit  and  the  Poriya 
Bay  region.  Most  of  Kola  lamprophyres  and  kimberlite  bodies  are 
spatially  coincide  distributed  in  Onega-Kandalaksha  graben. 
Formation  of  this  structure  was  associated  with  formation  of  on 
the  Baltic  Shield  crust.  Their  geological  setting  was  controlled 
by  the  major  deep  structures  in  the  region.  The  time  of  their 
emplacement  corresponded  to  the  final  stage  of  alkali  magmatism 
in  the  Karelian-Kola  region  (Paleozoic) . 

Main  mass  of  lamprophyres  plot  in  the  fields  of  ultramafic 
lamprophyres  -  ailikites  and  alnoites  and  in  the  field  of 
alkaline  lamprophyres,  Karelian  lamproites  plot  in  the  field  of 
lamproites,  according  to  a  ratio  of  Si02  and  total  amount  of 

alkalis  (Fig.l  and  2).  Lamprophyres  according  to  its 
petrochemical  characteristics  -  A1203,  Ti02,  EFeO,  MgO  contents 

are  similar  to  alkaline-ultrabasic  analogies:  melilitic  picrites 
of  the  Nenoksa  and  picrites  of  the  Zimny  Shore  (Arkhangelsk 
district) ,  lamprophyres  of  Maimecha-Kotuiskaya  province  of 
Yakut iya,  Cretaceous  diatrems  of  the  Syrian  rift  and  alkaline 
dikes  of  the  Alno.  Main  petrochemical  features  of 
alkaline-ultrabasic  lamprophyres  of  the  Kola  Peninsular  are 
higher  Ti,  Fe  and  alkaline  contents,  which  increases  with 
basicity  decreases.  They  are  predominantly  sodium-rich  rocks. 
Reverse  dependence  between  total  amount  of  alkalis  and  MgO  is 
recorded  in  them.  Karelian  lamproites  by  the  geochemistry  and 
mineral  composition  are  similar  to  Australian  lamproites  from 
Ellendail  Field.  Kimberlites  of  the  Kola  Peninsular  according  to 
the  Si02/Mg0  ratio  are  similar  to  mica  kimberlite. 

More  than  100  analyses  of  olivines,  pyroxenes,  garnets, 
chromites,  ilmenites,  rutiles,  micas,  sulfides  and  native 
elements  were  studied  on  microprobe  analyses. 
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Olivine,  as  a  rule,  is  rarely  preserved  due  to  its 
replacement  by  secondary  minerals.  In  lamprophyre  olivines,  the 
content  of  fayalite  component  range  from  6  to  16  w.%.  Impurity 
contents  vary  in  following  intervals:  Cr2C>3  from  0.07  to  0.34 

w.%,  CaO  from  0.12  to  0.29  w.%,  Ti02  up  to  0.3%  and  MnO  up  to 

0 . 4w. % .  Olivine  from  kimberlites  contain  94-95%  of  fayalite 
component,  higher  content  of  Cr2C>3  (from  0.14  to  0.4  w.%)  and 

lower  content  of  CaO  (from  0.09  to  0.16  w.%)  By  MgO  and  CaO 
contents  lamproite  olivines  correspond  to  kimberlite  ones. 

Clinopyroxene  is  mainly  represented  by  diopside, 
transitional  difference  to  omphacite-diopside  and  diopside- 
augites,  rare  to  titanium-augites.  Low-alumina  and  aluminiferous 
varieties  can  be  distinguished  among  them.  The  former  are 
frequently  enriched  in  chromium  and  depleted  in  iron.  High  ratio 
Fe+  /Na  characterize  all  diopsides.  In  kimberlites  chrome 
diopside  of  emerald-green  color  was  described,  characteristic  for 
high-pressure  xenocrysts  of  diamond-bearing  kimberlites.  Its 
composition  is  characterized  by  low  alumina  content  with  Cr203  up 

to  2.4  w.%  and  Na20  up  to  1.5  w.%  (Kalinkin  et  al.,1993). 

Garnet  is  represented  by  almandine-pyrope-grossular  variety 
with  predomination  of  almandine  ,  Cr2<33  exceed  2.56  w.%.  Most 

analyses  are  corresponded  to  garnets  of  kimberlitic  pipes  of  USA, 
Aldan  shield,  Greenland  and  from  Syrian  lamprophyres  (Fig.  3). 
Pyrope  occur  in  kimberlites  as  debris  of  round  violet  and  crimson 
grains  up  to  5  mm  across.  Pyrope  content  in  it  reache  80%, 
almandine  -  9%,  grossular  -  14%,  andradite  -  5%,  Cr203  is  more 

than  6  w.%  .  These  compositions  correspond  to  garnets  of  diamond 
association  of  Siberia  kimberlites  (Bagdasarov  et  al,  1980) .  The 
same  pyrope  were  founded  in  Kostomuksha  lamproites. 

Rather  high-chromium  low-alumina  picrochromites  as  well  as 
chromites  were  founded  in  lamprophyres.  Presence  of  2-3  w.%  of 
Ti02  are  characteristic  for  all  varieties.  Chromites  of  similar 

composition  are  widely  distributed  in  kimberlites  from 
Arkhangelsk  and  Yakutya  province,  where  they  represented  minerals 
of  main  mass  and  also  in  picrites  and  lamprophyres  of  many 
alkaline  complexes.  Maximum  Cr203  content  in  chrom  spinelides 

reaches  55.76  w.%  with  Ti02  content  in  2.32  w.%.  These  chrom 

spinelides  correspond  to  spinel-pyrope  and  coesite  facies  of 
depth  (Sobolev,  1977) .  High-chromium  and  high -magnesium  chromites 
were  founded  in  Tersky  kimberlite  pipes.  Cr2°3  content  reache 

63.56  w.%  with  Ti02  0.37  w.%.  These  compositions  correspond  to 

chromites  from  diamond  parageneses  and  from  diamondiferous 
Siberian  kimberlites.  Both  types  of  chromites  were  founded  in 
Karelian  lamproites. 
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•  i  +  2  <95  Oh 


Fig. 1.  Rock's  (1986) 
diagram  for  separation  of 
the  lamprophyres 
(ultramafic,  alkaline  and 
line-alkaline) . 
Lamprophyres:  I  -  alkaline, 
II  -  line-alkaline,  III  - 
ultramafic,  IV-  lamproites, 
1  -  Kandalaksha  dike 
complex,  2  -  dike  of 
Vuoriyarvy  massif,  3- 
Khibiny  massif,  4  - 
Karelian  lamproites. 
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EXPERIMENTAL  STUDY  OF  FLUID  CONDITIONS  OF  DIAMOND  GROWTH 
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One  of  the  ways  to  reconstruct  the  fluid  conditions  of  the  diamond  growth  is  to 
study  the  presented  in  diamond  crystals  admixtured  gases.  For  that  purpose  the  dia¬ 
mond  crystals  were  heated  and  (or)  crushed  to  decontaminate  these  admixtured  gases. 
Then,  composition  of  obtained  gases  was  determined  by  methods  of  mass  spectrometry 
or  chromatography  (Melton  and  Giardini,  1974,1981;  Bartoshinskii  et  al.,  1987;  Bratus 
et  al.,  1990).  However,  for  correct  usage  of  those  results  two  methodological  questions 
should  be  solved: 

-  clarification  of  composition  identity  between  the  gasses,  decontaminated  from  the 
diamonds  and  the  forming  fluid; 

-  appreciation  of  safety  or  character  of  changes  in  composition  of  the  gases  taken  by  the 
diamond  crystals  in  the  post-crystallization  processes.  This  work  is  dedicated  to  the 
experimental  solution  of  the  first  question. 

A  mixture  of  graphite  and  Fe-Ni  alloy  was  put  in  a  graphite  ampoule,  which  was 
then  soldered  in  a  Pt-ampoule.  After  that,  the  Pt-ampoule  was  set  into  the  cell  of  the 
high  pressure  apparatus  of  “split  sphere”  type  and  kept  for  15-30  minutes  at  pressure  55 
kbars  and  temperatures  1300-1350°C.  After  the  experiment  the  Pt-ampoule  was  put  into 
the  special  chromatographic  set,  heated  up  to  150°  C,  perforated  and,  decontaminated 
from  the  ampoule  gases  were  analysed.  Then  the  sample  was  taken  out  the  ampoule. 
From  the  sample  the  synthesised  diamond  crystals  and  grains  of  metal  alloy  were 
picked.  These  crystals  and  grains  were  heated  separately  in  the  helium  atmosphere  up  to 
200°  C  and  600°  C,  and  decontaminated  gases  were  analysed  (Osorgin  et  al.,  1995). 

The  gas  phase  from  the  crystallization  volume  (Pt-ampoule)  had  the  highly  re¬ 
duced  composition  and  consisted  of  methane,  hydrogen,  water  with  small  amounts  of 
nitrogen,  ethane,  ethylene.  Atomic  radio  H/(0+H)  was  0.96-0.98.  Gas  mixture,  obtained 
after  degassing  of  the  metal  alloy,  had  H/(0+H)=0.7-0.8.  Some  more  oxidized  composi¬ 
tion  had  the  gases,  decomposed  from  the  heated  diamond  crystals.  The  ratio  H/(0+H) 
was  0.6-0.7  and  the  main  gas  components  were  CO,  CO2,  H2O.  Hydrogen  presented  in 
small  amounts. 

So,  the  admixtured  gases  in  the  synthetic  diamonds  have  more  oxidising  compo¬ 
sition  in  comparison  with  fluid  phase  of  the  crystallisation  volume.  It  should  be  taken 
into  consideration  when  reconstructing  the  redox  conditions  of  the  natural  processes  on 
data,  obtained  from  study  of  content  of  volatiles  in  the  samples. 
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2.  Institute  of  Geochemistry  and  Physics  of  Minerals,  Ukraina 

3.  Institute  of  Mineralogy  and  Petrography,  SB  RAS 

The  problem  of  diamond  recover  from  difficult-to-dress  raw  (dressing  tailings)  by  physico¬ 
chemical  processes  is  obviously  topical  due  to  the  wide  introduction  of  the  methods  of  final  retreating  of 
gravitational  diamond-bearing  concentrates,  such  as  sticky  separation  and  film  and  foam  floatation.  The 
degree  of  recovering  of  diamonds  varies  widely  at  different  deposits  and  constitutes  about  10  %  of  the  - 
2+0.5  granulometric  separation  class  yield  in  average.  The  analysis  of  scientific  studies  of  domestic  and 
foreign  investigators  showed  that  there  is  no  a  justified  hypothesis  that  explains  the  mechanism  of 
diamond  surface  hydrophilization  (desensitization)  or  reveals  the  factors  favouring  hydrophilization. 
After  A.G.  Lopatin  (1991)  in  real  conditions  there  is  a  wide  range  of  hydrophobic-hydrophilic  properties 
of  diamond  surface  that  are  mainly  responsible  for  how  much  diamonds  remain  in  dressing  tailings.  The 
diamond  surface  is  defined  by  three  different  states  of  carbon  atoms:  the  atoms  of  a  diamond  itself, 
reconstructed  atoms,  and  oxidized  atoms.  Ethic,  lactonic,  and  carbonyl  groups  are  formed  at  the  surface 
of  oxidized  diamonds.  The  replacement  of  gas  molecules  for  water  molecules  and  the  growth  of  surface 
oxidation  level  result  in  hydrophilization. 

In  this  paper  the  authors  report  the  comparison  of  diamonds  in  terms  of  their  mineralogical 
features.  The  diamonds  from  foam  separation  concentrate  and  foam  separation  tailings  of  the 
Yubileinaya  and  Sytykan  kimberlite  pipes  were  investigated.  To  characterize  some  typomorphic  features 
more  completely  we  used  the  data  on  the  diamonds  of  comparable  size  from  geoprospecting  samples  of 
the  aforesaid  bodies.  The  investigations  were  carried  out  using  the  methods  of  crystal  morphological 
analysis  (Bartoshinsky,  1983),  photo -luminescence,  X-ray  luminescence,  microprobe,  electronic 
paramagnetic  resonance  (EPR),  mass-spectrometry  and  UV-spectrometry. 

The  results  of  crystal  morphological  studies  permitted  to  note  the  rather  high  content  of 
Bartoshinsky's  I,  II,  III,  and  VI  crystal  varieties  among  the  unrecovered  diamonds.  These  morphological 
groups  are  chiefly  represented  by  octahedrons  with  trigon  and  ditrigon  growth  sculptures,  polycentric 
crystals  with  (1 1 1)+(1 10)+(100)  combination  forms,  smoothed-angular  combined  crystals  (111)+(110), 
and  rounded  sculptural  to  smooth-face  crystals.  The  set  of  morphological  individuals  among  the 
recovered  diamonds  is  similar.  Nevertheless,  the  number  of  coloured  crystals  with  strongly  sculptured 
surface  and  the  portion  of  twins,  intergrowths,  and  damaged  crystals  are  somewhat  higher  in  tailings.  The 
individual  sets  of  diamond  morphological  types  in  each  kimberlite  body  determine  the  individual 
morphological  crystal  sets  in  dressing  tailings  of  the  Yubileinaya  and  Sytykan  pipes.  Thus,  the  coloured 
deformed  crystals  with  etching  grooves  dominate  in  the  Yubileinaya  pipe. 

Study  of  physical  features  of  both  recovered  and  unrecovered  diamonds,  their  volatile  inclusions, 
and  elementary  composition  of  crystal  surface  helped  to  obtain  the  following  results: 

1.  According  to  photo-luminescence  results  no  considerable  differences  in  the  set  of  impurity 
defects  were  recorded  for  the  diamonds  from  concentrate  and  dressing  tailings.  According  to  X-ray 
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luminescence  the  contrast  is  more  clear  -  the  spectral  peaks  of  recovered  diamonds  are  several  times 
higher. 

2.  Application  of  electronic  paramagnetic  resonance  method  (EPR)  allowed  to  record  the 
impurities  and  diamond  crystalline  lattice  distortion.  We  studied  the  clusters  of  centres  N3V  (carbon 
vacancy  surrounded  by  three  nitrogen  atoms)  and  R  (broken  C-C  bond).  The  main  difference  between 
recovered  and  unrecovered  diamonds  concerns  the  concentration  of  paramagnetic  centres  in  crystals 
which  is  higher  in  the  diamonds  from  dressing  tailings. 

3.  Compositional  study  of  100-200  mkm  and  15-20  mkm  thick  near-surface  layers  of  unrecovered 
diamond  crystals  was  carried  out  using  EMMA  electronic  microscope  and  electronic  microprobe 
CamScan,  respectively.  Microprobe  analysis  provided  the  determination  of  the  content  of  eight  elements: 
Mg,  Al,  Si,  Ca,  Ti,  Cr,  Mn,  and  Fe.  The  elevated  contents  of  Si,  Mg,  Al,  Ca,  and  Fe  were  estimated.  The 
occurrence  of  these  elements  in  a  near-surface  layer  is  likely  caused  by  minor  mineral  inclusions. 
Elementary  composition  of  hydrophobic  crystal  surface  seems  to  be  more  complicated  compared  to 
hydrophilic  crystal  surface.  Chemical  composition  of  the  surface  of  larger  diamonds  (-2+1  mm)  is  more 
multi-element  than  that  of  fine  diamonds  (-1+0.5  mm). 

4.  Investigation  of  volatiles  from  diamond  crystals  was  performed  using  the  mass-spectrometer 
MCX-4.  The  content  of  H2O,  CO2,  and  CO  are  adequate  or  nearly  so.  The  content  of  N2  is  higher  in  the 
crystals  of  uncovered  diamonds. 

Our  studies  of  crystal  morphological  features  and  physical  properties  of  diamonds  from  dressing 
tailings  of  the  Yubileinaya  and  Sytykan  pipes  allowed  the  conclusion,  that  to  solve  the  problem  of 
maximum  useful  component  output  from  diamond-bearing  concentrate  the  further  investigations  should 
be  focused  on  the  comprehensive  study  of  diamond  surface  and  near-surface  layer  of  1-2  mkm  thick. 
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COMPOSITION  OF  GARNETS  WITH  DIAMOND  INCLUSIONS  FROM 
KRASNOPRESNENSKAYA  KIMBERLITE  PIPE,  YAKUTIA 

Barashkov  *  Yu.P.  and  Zudin^  N.G. 

1.  Yakut  Institute  of  Geosciences,  Siberian  Branch,  Russian  Academy  of  Sciences, 

39  Lenin  pr.,  Yakutsk,  677891  Russia 

2.  Diamonds  of  Russia-Sakha  Company,  Mirny,  678170  Russia 

Syngeneity  suggests  that  the  simultaneously  crystallizing  minerals  have  equal 
chances  to  form  inclusions  in  each  other.  In  this  respect,  diamond  inclusions  in  other 
kimberlite  minerals  and  mantle  xenoliths  present  interest.  Garnets  containing 
diamond  inclusions  were  first  discovered  in  the  XXIII  Party  Congress  kimberlite 
pipe  (Malo-Botuobinsk  field,  Yakitia)  and  studied  in  detail  by  N.V.Sobolev  with  co¬ 
authors  (1986).  They  found  that  the  garnets  belonged  to  ultrabasic  (3  samples)  and 
eclogitic  (3  samples)  parageneses. 

The  authors  studied  garnets  with  diamond  inclusions  from  the  Krasnopresnenskaya 
pipe  (Alakit  field).  The  garnets  studied  are  rounded-oval  in  shape,  violet-red  in  color 
and  fractured.  Along  fractures,  a  secondary  material  of  brown  color  is  found.  Upon 
removal  of  diamond  inclusions,  moulds  of  detailed  diamond  face  topography  can  be 
seen  in  the  garnets.  They  correspond  in  composition  (Table  1)  to  the  harzburgite- 
dunite  paragenesis  type  on  the  well-known  CaO-C^Oj  diagram  (Sobolev,  1974). 
The  garnets  studied  belong  to  knorringhite-pyropes  and  are  poorer  in  Fe  and  higher 
in  Cr  compared  to  similar  garnets  from  the  XXIII  Party  Congress  pipe. 

Interestingly,  they  are  characterized  by  higher  Cr2(>3  and  lower  AI2G3 
concentrations  relative  to  garnet  inclusions  in  diamonds  from  the 
Krasnopresnenskaya  pipe  (see  Table  1).  Moreover,  two  garnet  inclusions  in  a 
diamond  of  combination  shape  are  poorest  in  Cr  and  richest  in  Ca,  plotting  in  the 
field  of  Iherzolite  paragenesis  type  on  the  CaO-Cr2<)3  diagram.  Also,  the  two  garnet 
inclusions  show  maximum  AI2O3  and  FeO  concentrations  among  all  garnet 
inclusions  of  ultrabasic  diamond  paragenesis  studied  from,  the  Krasnopresnenskaya 
pipe. 

The  authors  also  studied  the  composition  of  the  secondary  fracture-filling  material 
in  the  garnets.  It  is  made  up  of  a  fine  mixture  of  different  minerals.  Scanning  in  Ka  - 
radiation  has  revealed  a  symmetrical-zoned  distribution  of  individual  elements.  Si  is 
predominantly  concentrated  in  the  middle  part  of  a  veinlet.  Maximum  Cr  and  Ai 
contents  are  recorded  on  both  sides  of  Si.  Maximum  K  concentrations  are  restricted 
to  both  exocontacts  of  a  veinlet.  Microprobe  analyses  have  diagnosed  the  presence 
of  chrome-spinellid,  serpentine  and  phlogopite  (Table  2).  The  chrome-spinellid 
analysis  probably  includes  adjacent  phases  due  to  a  smaller  zise  of  grains  relative  to 
the  probe  diameter.  Quantitatively,  the  chrome-spinellid  is  predominating,  with 
serpentine  and  phlogopite  accounting  in  nearly  equal  amounts  for  about  20  per  cent 
of  the  veinlet  area. 
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The  veinlet-filling  secondary  material  of  the  studied  garnets  differs  in  composition 
from  kelyphitic  rims  of  the  garnets  with  diamond  inclusions  from  the  XXIII  Party 
Congress  pipe.  Kelyphitic  rims  in  the  latter  are  dominated  by  chlorite,  whereas 
serpentine,  calcite  and  chrome-spinellid  occur  in  quite  subordinate  amounts. 

Thus,  garnets  with  diamond  inclusions  from  the  Krasnopresnenskaya  pipe  refer  to 
the  harzburgite-dunite  paragenesis.  Compositional  characteristics  of  these  pyropes 
evidence  that  garnets  with  diamond  inclusions  have  a  specific  composition  in  each 
particular  pipe. 


Table  1 

Compositions  of  garnets  with  diamond  inclusions  and  garnet 
inclusions  in  diamonds,  Krasnopresnenskaya  pipe 


Compo- 

Garnets  with  diamond 

Garnet  inclusions 

nents 

inclusions 

in  diamonds 

1 

2 

3 

4 

5a 

5b 

SiO? 

40.8 

41.1 

41.2 

41.9 

42.0 

42.2 

TiO? 

0.03 

0.02 

0.01 

0.07 

0.05 

0.03 

Al?Ch 

15.5 

16.2 

14.9 

18.2 

19.8 

19.7 

Cr?Ch 

11.8 

10.8 

12.0 

8.16 

6.65 

6.71 

FeO* 

6.79 

6.41 

6.54 

6.44 

7.66 

7.59 

MnO 

0.40 

0.40 

0.42 

0.32 

0.41 

0.36 

MgO 

21.5 

22.5 

20.4 

24.3 

20.3 

20.6 

CaO 

3.34 

2.10 

4.35 

1.82 

5.56 

5.48 

Na?0 

0.03 

0.05 

0.02 

0.02 

0.03 

0.04 

Total 

100.19 

99.58 

99.84 

101.23 

102.46 

102.71 

Si 

5.946 

5.970 

6.066 

5.924 

5.930 

5.936 

Ti 

0.003 

0.002 

0.002 

0.007 

0.003 

0.004 

A1 

2.659 

2.761 

2.569 

3.026 

3.291 

3.270 

Cr 

1.355 

1.239 

1.390 

0.911 

0.742 

0.746 

Fe3+ 

0.008 

0.015 

0.035 

0.073 

0.005 

0.011 

Fe?^ 

0.819 

0.763 

0.766 

0.689 

0.896 

0.881 

Mn 

0.049 

0.049 

0.052 

0.038 

0.049 

0.043 

Mg 

4.674 

4.875 

4.449 

5.118 

4.272 

4.323 

Ca 

0.521 

0.327 

0.682 

0.277 

0.842 

0.825 

Na 

0.008 

0.014 

0.001 

0.004 

0.009 

0.012 

Total 

16.042 

16.015 

16.012 

16.067 

16.039 

16.051 

f 

15.7 

14.3 

15.5 

12.4 

18.1 

17.6 

Notes: 

*  Total  Fe  as  FeO. 

4  Inclusion  from  intermediate  zone  of  colorless  rhombododecahedral  diamond. 
5a  and  5  b  Inclusions  in  a  colorless  diamond  of  combination  shape. 
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Table  2 


Chemical  composition  of  secondary  material  filling  veinlets  in  garnets 


Mineral 

Si02 

TiO? 

A1?P 

0203 

FeO* 

MgO 

CaO 

K2o 

Total 

Serpentine 

38.7 

0.21 

1.88 

0.43 

3.68 

40.5 

0.11 

85.51 

Phlogopite 

36.4 

0.15 

12.0 

4.55 

5.62 

22.4 

3.50 

6.29 

90.91 

Cr-spinellid 

6.94 

0.11 

25.7 

33.2 

13.5 

20.9 

0.19 

0.16 

100.70 

Notes:  *  Total  Fe  as  FeO. 

Serpentine  and  Cr-spinellid  from  Sample  2,  phlogopite  from  Sample  1 . 


Sobolev,  N.V.  1974.  The  Deep  Seated  Inclusions  in  Kimberlites  and  the  Problem  of 
the  Upper  Mantle  Compositon.  Nauka  Publishers,  Siberian  Branch,  Novosibirsk, 
264  p.  (in  Russian). 

Sobolev,  N.V.,  Kharkiv,  A.D.,  Vishnevsky,  A.A.,  Zakharova,  V.R.,  Matsyuk,  S.S., 
and  Tkach,  V.N.  1986.  Mineral.  Joum.,  V.  8,  No.  2,  23-31  (in  Russian). 
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U-PB  ZIRCON  AGE  FOR  CARBONATITE  AND  ALKAU-PICRITE  PIPES, 

ORTO-YIARGA  FIELD  (YAKUTIA),  RUSSIA. 

Barton* >  E.S.,  Brakhfogel^*  F.F.,  Williams^.  I.S. 

1.  Bernard  Price  Institute  of  Geophysics,  University  of  the  Witwatersrand,  Private  Bag  3, 

Wits  2050,  Johannesburg 

2.  Institute  of  Geology,  Yakutian  Branch,  Russia  Academy  of  Sciences,  Lenin  Avenue  39, 
Yakutsk  677982,  Russia 

3.  Research  School  of  Earth  Sciences,  Australian  National  University,  G.P.O.  Box  4, 

Canberra,  A.C.T.  2601,  Australia 

U-Pb  ion  microprobe  ages  were  determined  on  zircon  samples  from  four  carbonatite  and  * 
two  alkali-picrite  pipes  located  in  the  Orto-Yiarga  field  on  the  eastern  slope  of  the  Anabar  uplift 
The  pipes  in  the  Orto-Yiarga  area  are  composed  of  brecciated  rocks  of  varying  compositions. 
Alteration  is  severe  so  that  it  is  difficult  to  apply  a  petrogenetic  classification.  According  to  V.  K. 
Marshintsev  (pers.  comm.)  90%  of  the  pipes  are  carbonatite  and  the  remaining  10%  are  alkali- 
picrite  and  the  Orto-Yiarga  field  is,  therefore,  considered  to  be  carbonatitic.  Irrespective  of 
nomenclature,  the  rocks  are  uniform  in  composition  and  represent  single  magmatic  pulses. 

The  zircons  have  isotopic  compositions  that  are  very  close  to  concordant.  All  the  zircons 
dated  have,  within  error,  equal  238U/206Pb  ages  and  yield  a  weighted  mean  age  of  160  +/-  4  Ma 
(2s).  However,  the  age  distribution  can  be  interpreted  to  be  skewed  with  the  alkali-picrite  pipes 
being  emplaced  slightly  earlier  than  -the  carbonatite  pipes.  The  weighted  mean  zircon  ages  for  the 
alkali-picrite  and  carbonatite  pipes  are  163  Ma  and  158  Ma,  respectively,  statistically  different  at 
67%  confidence  limits.  For  the  majority  of  zircons  from  both  the  alkali-picrite  and  the  carbonatite 
pipes  the  Th/U  ratios  are  in  the  range  of  about  0.3  to  0.6.  Three  zircons  are  morphologically 
identical  and  the  same  age  as  all  the  other  zircons  but  are  distinguished  by  high.Th  (>400  ppm) 
and  U  (>290  ppm)  contents  and  Th/U  ratios  in  excess  of  1.  Two  of  these  are  from  each  of  the 
alkali-picrite  pipes  and  one  is  from  a  carbonatite  pipe. 

The  zircon  U-Pb  ages  are  interpreted  to  indicate  that  the  carbonatite  and  alkali-picrite  pipes 
are  essentially  coeval  at  about  160  Ma,  with  the  alkali-picrite  pipes  being  emplaced  perhaps  slightly 
earlier  than  the  carbonatite  pipes.  At  this  time  both  the  high  and  low  U  zircon  grains  became  closed 
systems  with  respect  to  radiogenic  Pb-loss.  However,  although  both  zircon  populations  record  the 
same  time  of  incorporation  into  the  kimberlite  magma  they  must  have  originated  in  different 
primary  source  environments.  The  presence  of  high  U  zircons  in  mantle  derived  rocks  has  been 
reported  previously  (Coenraads  et  a!.,  1990;  Kinny  and  Dawson,  1992;  Kinny  and  Meyer,  1994). 
The  presence  of  both  low  and  high  U  and  Th  bearing  zircon  in  the  Orto-Yiarga  region  implies  that 
these  diatremes  sampled  distinctly  different  mantle  reservoirs  at  about  160  Ma  ago.  The  latter  must 
have  been  derived  from  a  mantle  source  that  had  undergone  partial  melting  or  metsomatic 
enrichment  to  produce  a  geochemicaliy  more  evolved  magma  that  contained  incompatible  elements 
such  as  U  and  Th. 

Kimberlites  are,  apparently,  spatially  associated  with  these  carbonatites  and  alkali-picrites 
in  the  Orto-Yiarga  field.  High  U  kimberlitic  zircon  has  also  been  identified  in  other  regions  where 
carbonatites  and  diamond  poor  kimberlites  are  present  (Barton,  unpublished  data).  It  would  be 
interesting  to  investigate  whether  or  not  there  is  a  relationship  between  the  presence  of  high  U 
mantle  zircon  and  the  diamond  bearing  potential  of  kimberlites  in  such  regions. 

Coenraads,  R.R.,  Sutherland,  F.  Lin  and  Kinny,  P.D.  (1990)  The  origin  of  sapphires:  U-Pb 
dating  of  zircon  inclusions  sheds  new  light.  Mineralogical  Magazine,  54,  113-122. 

Kinny,  P.D  and  Dawson,  J.B.  (1992)  A  mantle  metasomatic  injection  event  linked  to  late 
Cretaceous  kimberlite  magmatism.  Nature,  360, 726-728. 

Kinny,  P.D.  and  Meyer,  H.O.A.  (1994)  Zircon  from  the  mantle:  a  new  way  to  date  old 
diamonds.  Geology,  in  press.  „„ 


TECHNIQUE  OF  A  PROGNOSIS  AND  PROSPECTING  OF  DIAMOND  S  HOST  ROCKS 
ON  THE  SOUTH  OF  SIBERIAN  PLATFORM. 


Baryshev, A. S . , Zakuzenny i , V . I . , Urumov, J . D . 

East-Siber ian  scientific  research  Inst,  of  Geology,  Geophysics 
and  Mineral  Resources,  Dekabrskih  Sobytyi  st,29,  Irkutsk  ,664026 
Russia . 

The  technique  of  a  prognosis  and  prospecting  of  diamond  s  host 
rocks  worked  out  with  help  of  the  system  approach.  Flow  sheet  of 
investigations  for  local  forecasting  is  following: 

1. Data  base  analysis  and  the  substantiation  of  the  scale  of 
forecast  map. 

2 .  Typological  analysis  and  the  classification  of  all  diamonds 
deposits  and  manifestations  of  diamond's  discovered  before. 

3.  The  investigation  of  typical  and  standard  objects  (kimberlite 
districts,  f ields , bodies ) . 

4.  The  formation  of  geologo-genetic  models  of  kimberlites. 

5.  Detecting  of  ore-control  factors  with  evaluation  of  the  scales 
of  their  manifestation  in  geological  space : magmatic  (sources  of 
diamonds ), tectonic  (structures  of  localization  of  kimberlite 
districts , f ields , bodies ), dynamic  (  stress  state  of  ore 
emplacement  environment  ),  metamorp.hic  (the  transformation  of 
substance),  lithological  (  environment  of  ore  emplacement  ), 
stratigraphic  factors. 

6.  Detecting  of  regularities  of  diamond  s  host  rocks  localization 

7.  The  substantiation  of  prognosis  criteria  for  objects  of 
forecast ing : diamond  subprovince , district , f ield , bodi .  Criteria  of 
the  prognosis:  geological  (  magmatic,  structural,  mineralogic, 
lithological  , dynamic),  geophysical  (magnitometr ic ,  gravimetric, 
electrometric  ,  seismometric  ,  radiometric  ),  geochemical 
(scatterings,  isotopic). 

8.  The  selection  of  optimum  complex  of  the  forecast  criteria  and 
methods  of  their  observation  and  measuring. 

9.  The  formation  of  physico-geological-  model  (PGM;  of  the 
forecast  objects. 

10.  The  compilation  of  the  forecast  map  reflecting  the 
probability  of  detecting  of  the  aim  objects. 

11 .  Quantitative  evaluation  of  forecasting  diamond  s  resourses. 

12 .  Geologo-economical  evaluation  of  the  objects  of  forecasting. 

The  dynamics  PGM  of  diamond  subprovince  and  of  the  diamond 
district,  .the  static  PGM  s  of  kimberlite  subprovince,  kimberlite 
district  ,  PGM  of  Kimberlite  field  (a-with  primary  magmatic 
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chamber,  b-without  primary  magmatic  chamber)  were  created 
Elements  the  dynamic  PGM  of  diamond  subprovince  and  of  the 
diamond  district  are  fol lowing : asteno- lenses ; earth  crust ; plastic 
mantle  substance;  viscous  mantle  substance;  basalts;  overthrusts 
and  underthrusts ;  zones  of  deep  faults;  levels  of  an 
oversaturation  of  the  substance  by  volatile  components  when 
their  contents  is  equel  4, 5%, vectors  of  the  pressure  gradient 
determining  the  motion  of  a  substance ; the  domain  of  detecting  of 
volatile  components  into  independent  phase ; direct ions  of  motion 
of  volatile  components;  gas  lens  of  intermediate  accumulation  of 
volatile  components;  the  volcanic  display  oil  the  earth  surface; 
extrapolated  curve  of  water  solubility  in  silicate  melting  with 
temperature  1000°  C  ;  subvertical  crust-mantle  zones  of  higher 
electric  conductivity  and  density. 

The  following  complex  of  geological  and  gephysical  criteria 
was  chosen. 

Kimberlite  subprovince : the  depression  in  a  relief  of  mantle 
free  surface, the  immersion  of  actenosphere  surface  (the 
depth> 150km) ,  increasing  of  the  thickness  of  the 
lithosphere , haloes  of  mantle  diapirs. 

Kimberlite  district  :  increasing  of  the  thickness  of  the 
lithosphere  and  Earth  crust  ,  rising  a  ground  of  the  surface  of 
crystalline  basement  ,  the  system  of  mantles  diapirs  pressing 
zones  in  the  litosphere  ,  highly  crust-mantle  heterogeneity  with 
high  density  and  low  coductivity  ,  anomalouse  ungomogeneouse 
mantle  characterizing  by  seismic  velosity  8,4  km/s  within  Moho 
surface  , subvertical  crust  mantle  zones  of  higher  electric 
conductivity,  finds  of  diamonds  and  their  mineral-satellites 

Kimberlite  field  :  increasing  of  the  thickness  of  the  efrth 
crust  ,  structural-  erosion  ledges  of  the  crystalline- 
basement  surface  ,  mantle  diapir  ,  subvertical  crust-mantle 
zones  of  the  higher  electric  conductivity  and  low  density  , 
finds  of  diamonds  and  their  mineral  -  satellites  ,  local 
anomalies  AT  and  Ag  ,  kimberlites  bodies. 

The  technology  of  prospecting  of  diamonds  is  substantiated 
with  help  of  successive  approachs .  It  consists  from  the 
following  steps  :  the  main  target  object  -  techniques  - 

industrial  geophysical  works.  All  geological  and  geophysical 
methods  (  magnetic  ,  gravity  ,  electric  and  seismic  prospecting 
,  geochemical  survey  )  are  used  for  prognosis  and  prospecting  of 
diamonds . 
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THE  PETROLOGY  AND  GEOCHEMISTRY  OF  A  POLYMICT  XENOLITH  FROM 
THE  KIMBERLEY  AREA,  SOUTH  AFRICA 

M.C.  Baumgartner1 11  andJ.J.  Gurney<1> 

(1)  University  of  Cape  Town,  Private  Bag,  Rondebosch,  7700,  Cape  Town,  South  Africa 

Polymict  xenoliths  contain  rock  clasts  from  various  regions  of  the  lithospheric  upper 
mantle,  and  show  evidence  of  modal  metasomatism.  The  study  sample,  JJG  21 15,  is 
a  polymict  xenolith  from  the  Kimberley  area.  Based  on  petrography  and  mineral 
chemistry,  clasts  of  lherzolite,  harzburgite,  eclogite,  and  megacrysts  are  identified. 

The  modal  metasomatic  assemblage  is  represented  by  the  development  of  interstitial 
ilmenite,  rutile,  phlogopite  and  sulphide  (IRPS)  minerals.  The  sample  has  been 
deformed  and  shows  evidence  of  recrystallisation  and  shearing.  Consideration  of  the 
structure  of  the  sub-continental  lithospheric  upper  mantle,  the  nature  and  evolution  of 
kimberlite  and  related  magmas,  and  the  nature  of  mantle  metasomatism,  allows  a 
detailed  multistage  origin  for  the  origin  of  JJG  21 15  to  be  proposed. 

The  first  stage  involves  the  development  of  a  magma  in  the  asthenosphere  as  a 
response  to  hotspot  or  diapiric  activity.  As  the  magma  rises  into  the  lithosphere,  the 
megacryst  suite  of  minerals  precipitates  and  these  are  incorporated  into  the  magma. 

As  the  rising  magma  reaches  the  base  of  the  lithosphere,  volatiles  are  released 
causing  crack  propagation  into  the  overlying  lithosphere  thus  providing  a  pathway 
for  the  rising  magma  to  move  to  higher  levels  within  the  lithosphere.  En  route 
through  the  lithosphere  the  magma  samples  the  regions  represented  by  the  various 
clasts  in  the  polymict  xenolith.  Temperature  estimates  for  the  garnet  lherzolite  and 
clinopyroxene-orthopyroxene  assemblages  are  roughly  1000°C,  at  an  assumed 
pressure  of  40  kilobars.  This,  along  with  the  exsolution  of  orthopyroxene  from 
clinopyroxene  suggests  that  the  initial  magma  does  not  transport  the  polymict 
xenolith  to  the  surface,  but  that  the  xenolith  is  left  behind  by  the  rising  magma  and 
undergoes  a  period  of  re-equilibration. 

As  the  first  magma  leaves  the  xenolith,  the  metasomatic  assemblage  precipitates  from 
the  fluid  remnants.  This  accounts  for  the  primary  interstitial  texture  and  primary 
metasomatic  chemistry  of  the  ilmenite  and  phlogopite  phases. 

The  final  stage  in  the  xenoliths  history  is  the  sampling  of  the  consolidated  polymict 
rock  by  a  later  kimberlite  intrusion.  The  intrusion  is  probably  of  a  similar  nature  to 
the  abundant  Cretaceous  aged  kimberlites  in  the  Kimberley  area.  Deformation  of  the 
xenolith  may  have  occurred  during  this  sampling  event.  Alternatively,  the 
deformation  may  have  been  caused  by  the  closing  of  the  conduit  which  transported 
the  first  magma  phase,  and  in  which  the  xenolith  remained. 
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ECLOGITES  FROM  THE  MIR  KIMBERLITE,  RUSSIA: 
EVIDENCE  OF  AN  ARCHEAN  OPHIOLITE  PROTOLITH 

Brian  L.  Beard,  Gregory  A.  Snyder  Lawrence  A.  Taylor,  Kathy  N.  Fraracci,  and  Vladimir  N.  Sobolev; 
Planetary  Geosciences  Institute,  Dept,  of  Geological  Sciences,  University  of  Tennessee,  Knoxville,  TN  37996  U.S.A. 
Robert  N.  Clayton  and  Toshiko  K.  Mayeda;  Enrico  Fermi  Institute,  Univ.  of  Chicago,  Chicago,  IL  60637  U.S.A. 
Nikolai  V.  Sobolev;  Institute  of  Mineralogy  and  Petrography,  Siberian  Branch  of  the  Russian  Academy  of  Sciences, 
Novosibirsk,  Russia 

Introduction  —  The  Mir  kimberlite  is  part  of  the  Malo-Botuoba  kimberlite  group  which  is  the  southernmost  diamond¬ 
bearing  kimberlite  group  in  the  Siberian  Platform.  The  Siberian  Platform  consists  of  Archean  and  Proterozoic  meta¬ 
sedimentary  and  igneous  rocks  that  are  covered  by  a  thick  package  of  Late  Proterozoic,  Paleozoic,  and  Mesozoic 
sedimentary  rocks,  and  early  Mesozoic  flood  basalts  (Dawson,  1980).  Over  eight  hundred  kimberlite  pipes  of  mid- 
Paleozoic  and  Mesozoic  age  have  erupted  through  the  Siberian  Platform.  These  kimberlites  have  been  evaluated 
extensively  for  diamond  exploitation  and  some  are  actively  mined  for  diamonds. 

Petrography  -  The  suite  of  Mir  eclogite  xenoliths  used  for  this  study  consists  of  16  samples,  all  of  which  are  diamond¬ 
bearing.  The  primary  mineralogy  consists  of  orange-  to  red-colored  garnet  and  greenish-colored  omphacite.  One 
sample  (M-86)  contains  trace  amounts  of  kyanite,  and  one  sample  (M-772)  consists  of  rounded  garnets  3  mm  in 
diameter  and  irregularly  shaped  rods  (probably  exsolution)  of  garnet  that  occur  as  inclusions  in  clinopyroxene. 
Phlogopite  and  amphibole  are  associated  with  garnet  alteration;  only  rarely  do  these  phases  occur  in  association  with 
clinopyroxene.  Calculated  primary  modal  garnet  contents  range  from  17%  to  73%,  which  is  similar  to  modes 
determined  for  eclogite  xenoliths  from  the  Udachnaya  pipe  (Sobolev  et  al.,  1994).  We  have  divided  the  Mir  eclogites 
into  three  groups  based  primarily  on  the  Ca  content  in  garnet.  The  low-Ca  group  typically  has  a  low  modal  %  of  garnet 
(17  to  48%),  whereas  the  high-Ca  group  typically  has  a  higher  percentage  of  garnet  (35  to  73%).  The  intermediate-Ca 
group,  which  may  be  transitional  between  the  high-  and  low-Ca  groups,  has  a  moderate  garnet  content  (38  to  50%). 
Mineral  Chemistry  --  On  the  basis  of  compositional  variations  in  garnet  and  clinopyroxene,  this  suite  of  eclogites  can 
be  divided  into  three  groups:  high-Ca,  low-Ca,  and  intermediate-Ca.  Compared  to  the  Udachnaya  eclogite  xenoliths, 
Mir  eclogites  define  a  slightly  more  restricted  range  in  Fe  and  Mg  contents,  but  a  similar  range  in  Ca  contents  (Jerde  et 
al.,  1993;  Sobolev  et  al.,  1994).  These  three  groups  may  appear  arbitrary,  but  these  divisions  also  correspond  to 
differences  in  clinopyroxene  composition,  as  well  as  in  trace-element  and  oxygen  isotopic  compositions  of  garnet  and 
clinopyroxene.  One  group  has  low  Ca  contents  (2.65  to  5.39  wt%  CaO)  and  variable  Mg/(Mg+Fe)  ratios  (0.65  to  0.38). 
A  second  group  has  intermediate  Ca  contents  (5.3 1  to  9.09  wt%  CaO)  and  a  range  of  Mg/(Mg+Fe)  ratios  similar  to  the 
low  Ca  garnets  (0.67  to  0.40).  The  third  compositional  group  of  garnets  has  high  Ca  contents  (11.70  to  13.64  wt% 
CaO)  and  a  restricted  range  of  Mg/(Mg+Fe)  ratios  (0.57  to  0.48).  Chromium  contents  in  the  three  different  groups  are 
low  and  overlap  one  another. 

Garnets  from  the  low-Ca  group  have  low  light-REE  (LREE)  contents  and  typically  have  [Dy/Yb]n  <  1.  The  high- 
Ca  group  garnet  have  higher  LREE  contents  and  typically  have  [Dy/Yb]n  >  1 .  Garnets  from  the  intermediate-Ca  group 
have  REE  contents  between  the  high- and  low-Ca  groups  (Figure  1).  Clinopyroxenes  from  the  low-Ca  group  have 


41 


convex-upward  REE  patterns  with  relatively  high  REE  contents  (10  times  chondrite),  whereas  those  from  the  high-Ca 
group  have  similar  convex-upward  shapes,  but  lower  REE  contents/  approximately  chondritic.  Reconstructed  bulk- 
rock  REE  patterns  for  the  low-Ca  group  eclogites  are  relatively  flat  at  approximately  10  times  chondrites.  In  contrast, 
the  high-Ca  group  samples  typically  have  LREE-depleted  patterns  and  lower  REE  contents. 

The  oxygen  isotopic  composition  of  minerals  from  the 
low-  and  high-Ca  groups  are  different.  Garnets  from  the 
low-Ca  group  have  5I80  values  that  range  from  7.18  to 
4.90%o,  and  garnets  from  the  high-Ca  group  have  5I80 
values  that  range  from  5.40  to  3.09%o  (Figure  2).  The 
oxygen  isotopic  composition  of  many  of  these  samples  are 
either  lower  (the  high-Ca  group)  or  higher  (the  low-Ca 
group)  than  typical  ultramafic,  mantle-derived  rocks.  These 
isotopic  compositions  are  consistent  with  high-temperature 
hydrothermal  seawater  alteration  of  oceanic  crust  (low 
hlsO  values,  high-Ca  group)  or  low-temperature  seawater 
alteration  of  oceanic  crust  (high  b'80  values,  low-Ca 
group). 

Discussion  —  The  lack  of  correlation  between  the  oxygen 
isotopic  compositions  of  garnet  or  clinopyroxene  and  the 
modal  percent  of  secondary  phases  may  be  taken  as 
evidence  that  the  measured  isotopic  composition  of  garnet 
and  pyroxene  are  not  artifacts  of  alteration  processes,  and 
are  probably  representative  of  their  primary  oxygen 
isotopic  compositions.  Compared  to  the  oxygen  isotopic 
composition  of  the  mantle  sources  of  mid-ocean-ridge 
basalts  (MORB;  5.35  to  6.05%o;  Ito  et  al.,  1987)  and  the 
range  measured  for  ultramafic  mantle  xenoliths  (5.5±0.7%o; 

Mattey  et  al,  1994),  the  range  for  the  Mir  eclogite  xenoliths 
is  larger,  extending  to  values  that  are  slightly  greater,  to 
significantly  lower  than  ultramafic  mantle  assemblages. 

The  origin  of  eclogite  xenoliths  with  8  O  values  that 
have  a  greater  spread  than  a  presumed  homogeneous  mantle 
isotopic  composition  has  been  explained  by  suggesting  that 
the  protolith  of  the  eclogite  was  subducted  oceanic  crust  (e.g.,  MacGregor  and  Manton,  1986;  Shervais  et  al.,  1988; 
Neal  et  al.,  1990;  Jacob  et  al.,  1994).  Eclogites  with  high  5  O  values  are  believed  to  have  inherited  their  isotopic 
compositions  through  low-temperature  seawater  alteration  prior  to  subduction  (Muehlenbachs  and  Clayton,  1972a),  and 
eclogites  with  low  8  O  values  are  believed  to  have  obtained  their  isotopic  compositions  by  high-temperature  seawater 
alteration  (Muehlenbachs  and  Clayton,  1972b).  In  support  of  such  a  conclusion,  we  note  that  some  workers  have 
reported  that  the  chemical  composition  of  some  eclogite  minerals  or  bulk-rocks  vary  systematically  with  respect  to  their 
oxygen  isotopic  composition,  and  that  these  compositional  variations  are  similar  to  the  compositional  changes  that 
would  be  produced  during  hydrothermal  seawater  alteration  of  oceanic  crust  (MacGregor  and  Manton,  1986;  Jacob  et 
al.,  1994).  For  example,  based  on  8  samples  from  the  Udachnaya  kimberlite,  Jacob  et  al.  (1994)  showed  that  the  Fe 
contents  increased  and  Ca  contents  decreased  with  increasing  degrees  of  low-temperature  alteration,  as  measured  by 
increasing  8  O  values.  Work  on  additional  eclogites  from  the  Udachnaya  pipe  has  shown  that  some  of  the  systematic 
trends  between  the  composition  of  minerals  and  their  oxygen  isotopic  composition  identified  by  Jacob  et  al.  (1994)  are 
not  present,  but  that  those  samples  with  the  highest  8‘  O  values  are  compositionally  distinct  relative  to  samples  with 
lower,  mantle-like,  8isO  values  (Snyder  et  al.,  1995). 

We  interpret  the  differences  in  oxygen  isotopic  and  mineral  compositions  in  the  Mir  eclogite  groups  to  be  a  result  of 
variations  in  the  mineralogy  and  bulk-rock  composition  of  the  presumed  oceanic  crustal  protolith.  Based  on  studies  of 
ophiolite  sequences  (e.g.,  Stem  et  al.,  1976;  Gregory  and  Taylor,  1981;  Cocker  et  al.,  1982),  high-temperature  seawater 
alteration,  which  produces  low  8**0  values,  is  thought  to  occur  predominantly  in  mid-  to  lower  sections  of  oceanic 
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Fig.  3:  Idealized  cross-section  of  oceanic  crust  showing 
the  proposed  protoliths  of  the  Mir  eclogites 
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crust,  where  massive  and  layered  gabbroic  rocks  are 
the  predominant  lithologies  (Figure  3).  The  upper 
section  of  the  crust,  where  lavas  and  sheeted  dikes 
are  the  predominant  rock  types,  is  thought  to  be 
primarily  altered  by  seawater  at  low  temperatures. 
The  high-Ca  group  Mir  samples  are  aluminous 
because  of  their  high  modal  percent  of  garnet, 
relative  to  the  low-Ca  group  samples.  Such  cumulate 
rocks  probably  would  be  LREE-depleted,  and  can  be 
Ca-rich  because  of  plagioclase  or  clinopyroxene 
accumulation.  The  differences  in  A1  and  Ca 
contents  between  the  high-  and  low-Ca  group 
samples  can  be  interpreted  as  the  result  of  an 
increased  plagioclase  component  in  the  protolith  of 
the  high-Ca  group  samples.  Arguably,  this 
difference  may  imply  that  the  high-Ca  group  samples 
are  representative  of  the  plutonic  section  of  oceanic 
crust,  and  the  low-Ca  group  samples  are 
representative  of  the  extrusive  section  of  oceanic 
crust.  This  upper  section  of  oceanic  crust  would 
consist  mainly  of  extrusive  basalts  that  would  have 
been  altered  by  seawater  at  low  temperatures.  These 
basaltic  lavas  would  probably  have  relatively  flat  REE  patterns.  Such  observations  are  consistent  with  the  high-Ca 
group  samples  having  experienced  high-temperature  seawater  alteration,  and  the  low-Ca  group  samples  having 
experienced  low-temperature  alteration,  based  on  their  8  O  values. 
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Studies  of  mantle  xenoliths  have  pointed  to  the  importance  of  melt  and  fluid  migration  as  a 
major  control  upon  geochemistry  of  the  mantle  lithosphere,  with  the  most  obvious  effects  being 
crystallization  of  secondary  minerals  (patent  metasomatism)  and  chemical  enrichment  of 
incompatible  trace  elements  (cryptic  metasomatism).  In  addition,  melt-rock  reactions  marked  by 
significant  modal  variations  of  the  predominant  rock-forming  minerals  (olivine  and  pyroxenes)  are 
observed  in  high-temperature  orogenic  peridotites  (Kelemen,  1990).  The  latters  have  been  ascribed 
to  infiltration  of  asthenospheric  magmas  in  the  lower  lithosphere,  which  may  occur  pervasively 
(Van  der  Wal  and  Bodinier,  1995)  or  through  porous-flow  channels  (Takazawa  et  al.,  1992). 
Interaction  with  basaltic  magmas  "en  route”  to  the  surface  was  also  invoked  for  the  "Fe-Ti 
metasomatism”  observed  in  wall-rocks  of  vein-conduits,  both  in  xenoliths  and  in  orogenic 
peridotites  (Menzies  et  al.,  1987;  Bodinier  et  al.,  1990).  However,  the  more  pervasive  forms  of 
metasomatism  observed  in  xenoliths  are  generally  ascribed  to  volatile-  and  potassium-rich  siliceous 
fluids,  or  to  carbonate  melts  (e.g.,  Menzies  et  al.,  1987;  Rudnick  et  al.,  1993).  The  importance  of 
these  fluids  as  potential  metasomatizing  agents  is  confirmed  by  their  existence  as  micro-inclusions 
trapped  in  diamond  and  silicates  (Navon  et  al,  1988;  Schiano  and  Clocchiatti,  1994).  Because  of 
their  low  viscosity  and  solidification  temperature,  they  can  percolate  through  very  small  porosities 
and  infiltrate  large  volumes  of  lithospheric  peridotites  at  relatively  low  temperature.  However,  the 
origin  of  these  metasomatic  fluids  is  still  debated.  For  some  authors,  they  are  "pristine”  melts 
formed  by  very  low  melting  degrees  of  the  convective  mantle  (Zindler  and  Jagoutz,  1988; 
McKenzie,  1989).  For  others  they  represent  differentiated  liquids  resulting  from  the  cristallisation 
of  basaltic  or  kimberlitic  magmas  at  depth  (Navon  et  al.,  1988;  Akagi  and  Masuda,  1988).  In  this 
study  of  spinel  peridotite  xenoliths  from  the  Sidamo  region  (Southern  Ethiopia),  we  present 
evidence  for  superimposed  metasomatic  processes  in  the  lithospheric  mantle  beneath  the  East 
African  Rift  Our  data  lend  support  to  the  hypothesis  that  small  fractions  of  volatile-rich  fluids  and 
carbonate  melts  may  derive  from  basaltic  magmas  reacting  with  lithospheric  peridotites. 

The  studied  xenoliths  range  in  composition  from  fertile,  cpx-rich,  Iherzolites  to  refractory 
harzburgites  with  highly  variable  cpx/opx  ratios.  They  are  virtually  exempt  from  patent 
metasomatism,  except  for  minor  amounts  of  apatite  in  some  samples.  The  textures  vary  from 
porphyroclastic  in  the  apatite-bearing  peridotites  to  coarse-grain  recrystallized  in  the  cpx-rich, 
apatite-free,  peridotites.  Between  these  two  end-members,  the  peridotites  show  a  textural  evolution 
marked  by  increasing  degree  of  recrystallization.  The  40  samples  selected  for  the  geochemical 
study  were  analyzed  by  Inductively  Coupled  Plasma-Mass  Spectrometry  (ICP-MS)  for  Rare  Earth 
Elements  (REE)  and  several  incompatible  trace  elements  (Rb,  Cs,  Sr,  Ba,  Sc,  Y,  Ti,  Zr,  Hf,  Nb. 
Ta,  Tli  and  U).  In  addition,  the  predominant  rock-forming  minerals  were  separated  from 
representative  samples  and  analyzed  by  ICP-MS  after  acid  leaching.  The  acid-leachates  obtained 
during  this  procedure  were  also  analyzed.  As  preliminary  results  pointed  to  the  importance  of 
spinel-related  micro-phases,  a  complex  leaching  procedure  involving  different  acids  was  applied  to 
three  separates  of  this  mineral.  Furthemore,  spinel  surfaces  were  investigated  by  Scanning 
Electron  Microscopy  (SEM)  and  Electron  Probe  Micro- Analysis  (EPMA)  to  determine  the 
composition  of  the  attached  micro-phases. 

None  of  the  studied  samples  has  a  trace-element  depleted  composition  comparable  to  the 
Depleted  MORB-Mantle  (DMM),  which  is  generally  considered  to  represent  the  protolith  of  the 
lithospheric  mantle  (e.g.,  Jochurn  et  al.,  1989).  The  recrystallized  Iherzolites  are  characterized  by 
light-REE  (LREE)  depleted  compositions  (N-MORB-type),  but  they  are  enriched  in  highly 
incompatible  trace  elements  (Rb,  Ba,  Th,  U,  Nb,  Ta)  compared  to  DMM.  All  the  other  samples  are 
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LREE-enriched.  A  striking  feature  of  trace-element  distribution  in  peridotites  is  the  existence  of  an 
overall  correlation  with  textures,  the  most  enriched  compositions  being  observed  in  the  less 
recrystallized  rock-types  (porphyroclastic)  while  the  less  enriched  compositions  are  typical  of  the 
secondary  granular  facies.  This  precludes  interpretation  of  the  LREE-depleted  granular  Iherzolites 
as  a  preserved  protolith  that  would  have  been  enriched  only  in  the  most  incompatible  elements.  In 
addition,  the  recrystallized  peridotites  are  characterized  by  remarkably  homogeneous  mineral 
compositions  for  all  elements,  in  spite  of  a  wide  range  of  modal  compositions  (Iherzolites  to 
olivine-rich  harzburgites).  This  indicates  that  they  have  suffered  extensive  reequilibration  in  open 
system  (metasomatism).  In  contrast,  the  enriched  porphyroclastic  peridotites  display  variable 
mineral  compositions  as  a  function  of  peridotite  fertility.  This  is  especially  true  for  moderately 
incompatible  elements  such  as  heavy  REE  (HREE)  and  Ti,  and  compatible  elements  such  as  Ni. 
This  feature  is  indicative  of  chromatographic  effects  associated  with  porous  flow,  leading  to 
incomplete  reequilibration  of  heterogeneous  peridotites  with  an  enriched  metasomatizing  agent 
(Navon  and  Stolper,  1987). 

The  distinct  characteristics  of  the  two  types  of  metasomatism  have  been  reproduced  with  a 
numerical  model  of  percolation.  While  the  recrystallized  peridotites  have  been  metasomatized  by  a 
moderatelety  enriched  melt  at  high  melt/rock  ratio,  the  porphyroclastic  samples  are  explained  by 
interaction  with  a  strongly  enriched  metasomatic  agent  at  lower  melt/rock  ratio.  Notwithstanding 
the  possibility  that  the  different  melt/rock  ratios  could  result  from  distinct  durations  of  the 
percolation  processes,  we  believe  that  this  parameter  more  likely  reflects  distinct  porosities  of  the 
percolation  systems.  Indeed,  a  higher  porosity  would  nicely  account  for  the  extensive 
recrystallization  of  the  granular  facies,  compared  to  the  porphyroclastic  peridotites  (Van  der  Wal 
and  Bodinier).  Porosity  variation  is  also  consistent  with  the  contrasted  nature  of  the  inferred 
metasomatic  agents.  A  basaltic  melt  is  suggested  for  the  recrystallized  peridotites,  that  are  depleted 
or  only  slightly  enriched  in  Large  Ion  Lithophile  elements  (LILE:  Ba,  Th,  U,  Sr  and  LREE)  and 
lack  significant  anomalies  of  High-Field  Strength  Elements  (HFSE:  Nb,  Ta,  Zr,  Hf  and  Ti).  In 
contrast,  a  carbonate  melt  is  inferred  for  the  porphyroclastic  peridotites  because  of  their  elevated 
LILE  concentrations  coupled  with  strong  HFSE  negative  anomalies.  In  agreement  with  textural 
evidence,  the  evolution  from  heterogenous  mineral  compositions  in  the  porphyroclastic  peridotites 
to  homogeneous  compositions  in  the  recrystallized  peridotites  indicates  that  the  basaltic 
metasomatism  occured  in  a  later  stage  than  the  carbonate-melt  metasomatism.  As  the  carbonate- 
melt  metasomatism  is  thought  to  represent  a  relatively  late  event  in  Eastern  Africa  (Rudnick  et  al., 
1993),  both  metasomatic  processes  are  probably  recent,  and  related  to  magmatic  activity  in  the  East 
African  Rift 

Detailed  study  of  trace-element  bearing  micro-components  has  revealed  the  existence  of  a 
third  type  of  metasomatism  in  all  types  of  peridotites.  This  process  is  attested  by  thin  (<  10  pm 
thick)  reactional  layers  on  spinel  surfaces,  dominantly  composed  of  phlogopite  and  Nb-Cr-Fe- 
rutile.  These  spinel  rims  are  reminiscent  of  titanates-bearing  metasomatic  assemblages  in 
kimberlite-borne  xenoliths  (Haggerty,  1991)  and  are  considered  to  represent  a  cryptic  form  of  the 
"K-metasomatism"  (Menzies  et  al.,  1987).  They  are  probably  related  to  infiltration  of  volatile-  and 
potassium-rich  siliceous  melts  comparable  the  silicate-hosted  inclusions  described  by  Schiano  and 
Clocchiatti  (1994).  Indeed,  the  acidic  and  volatile-rich  composition  of  these  melts  is  consistent 
with  rutile  precipitation  (Ryerson  and  Watson,  1987;  Foley  and  Wheller,  1990).  Hence,  cryptic  K- 
metasomatism  is  probably  as  widespread  in  the  lithospheric  mantle  as  the  silicate-hosted 
inclusions.  This  is  of  enormous  importance  for  the  fractionation  of  some  highly  incompatible 
elements  (especially  Nb  and  Ta)  during  mantle  processes.  Our  data  indicate  that  the  distribution  of 
Nb,  Ta,  Cs,  Rb,  Ba  -  and  to  a  lesser  degree  Zr,  Hf  and  Ti  -  in  the  studied  peridotites  is  largely 
controlled  by  small  volumes  of  phlogopite  and  rutile  associated  with  spinel.  For  instance,  very 
small  amounts  of  rutile  (0.0005  to  0.015%)  account  for  65  to  90%  of  die  whole-rock  budget  for 
Nb  and  Ta.  However,  as  it  is  balanced  by  negative  anomalies  in  clinopyroxene,  Nb  and  Ta 
concentration  in  rutile  is  not  associated  with  significant  positive  anomalies  of  these  elements  in 
whole-rocks.  As  it  is  very  unlikely  that  phlogopite  rims  around  spinel  can  be  preserved  in  rocks 
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affected  by  subsequent  recrystallization  and  reequilibration  with  basaltic  melts,  the  K- 
metasomatism  is  clearly  the  latest  fluid  infiltration  event  suffered  by  the  studied  xenoliths.  This 
leads  to  suggest  that  the  small  fractions  of  fluids  responsible  for  this  metasomatism  are  not  pristine 
melts  from  the  convective  mantle.  More  likely,  they  represent  differentiation  products  from 
basaltic  melts,  such  as  those  responsible  for  the  basaltic  metasomatism.  In  turn,  phlogopite  and 
rutile  precipitation  from  these  fluids  may  be  responsible  for  the  evolution  of  carbonate-rich  liquids 
(Watson  et  al.,  1990).  In  this  scheme,  rutile  precipitation  would  nicely  account  for  the  strong 
HFSE  negative  anomalies  typical  of  carbonate-melt  metasomatism. 

In  conclusion,  our  results  suggest  that  the  lower  lithosphere  beneath  the  East  African  Rift 
has  been  chemically  modified  by  metasomatic  processes  that  are  all  related  to  infiltration  of 
asthenospheric  basaltic  melts.  Differentiated  metasomatic  fluids  (volatile-  and  potassium-rich 
siliceous  melts  as  well  as  carbonate  melts)  are  thought  to  evolve  from  infiltrated  basalts  through 
successive  stages  of  melt-rock  reactions  at  decreasing  melt  volume  and  temperature.  In  the  lower 
part  of  the  lithosphere,  reactions  involving  basaltic  melts  would  occur  in  a  high-porosity  (>  1%) 
porous-flow  domain  probably  comparable  to  the  one  observed  in  the  Ronda  peridotite  (Van  der 
Wal  and  Bodinier,  1995).  As  in  Ronda,  melt-rock  reactions  are  associated  with  extensive 
recrystallization.  Because  of  the  thermal  structure  of  the  lithosphere,  mineral  precipitation  (cpx  ± 
olivine)  would  increase  near  the  basaltic  percolation  front,  leading  to  the  evolution  of  residual 
liquids  enriched  in  incompatible  elements  and  volatiles,  and  probably  also  in  silica.  Because  of 
their  low  viscosity  and  cristallisation  temperature  (down  to  1050-1 100 °C  -  Olaffson  and  Eggler, 
1983),  these  liquids  can  migrate  ahead  of  the  basaltic  percolation  front,  in  low  porosity  (<  1%) 
peridotites.  Metasomatic  crytallization  of  phlogopite  and  rutile  after  spinel  would  result  in  fluid 
differentiation  towards  carbonate-rich  compositions.  The  movement  of  very  small  volumes  of 
carbonate  melt  may  be  responsible  for  metasomatic  enrichment  of  lithospheric  regions  up  to  the 
950°  isotherm  (Wallace  and  Green,  1988).  This  process  would  produce  distinct  metasomatic  fronts 
leading  to  chemical  stratification  of  the  lower  lithosphere.  However,  chanelling  effects,  as  well  as 
subsequent  thermal  evolution  of  the  lithosphere  upon  rifting,  may  significantly  disturb  the  spatial 
arrangement  of  the  metasomatic  fronts.  The  inferred  chemical  structure  of  the  lower  lithosphere 
also  bears  implications  for  the  processes  of  contamination  of  asthenospheric  melts  by  the 
lithospheric  mantle.  In  particular,  interaction  with  rutile-bearing  peridotites  -  or/and  with  HFSE- 
depleted  peridotites  affected  by  carbonate-melt  metasomatism  -  may  account  for  the  genesis  of 
continental  flood  basalts  characterized  by  negative  anomalies  of  Nb  and  Ta. 
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PETROLOGY  OF  CARBON  FRACT IONIZATION  AND  GEODYNAMIC  OF  IT'S 
METAMORPHISM  DURING  THE  DIAMONDS  FORMATION 

Z. A.Bekmukhametova,  A.E  Bekmukhametov 

Institute  of  Geological  Sciences,  Natioanal  Academy  of  Science 

Republic  of  Kazakhstan 

The  modern  state  of  study  of  diamond  deposits  of  various  fe- 
rent  formational  types  and  technological  level  of  artificial  grow¬ 
ing  of  diamonds  is  perceived  by  us  as  following:  1)  Diamonds  are 
geneticly  connected  with  homogeneous  mineral  formation  of  eclogi¬ 
tes  in  the  all  known  types  of  deposits.  2)  Diamonds  and  eclogits 
are  cmetamorphogenic-melasomatic  formation  of  Earth  crust  at  the 
different  stages  of  it’s  formation  and  at  the  every  stage  of  its 
tectonic-magmatical  development.  Begining  with  Archean  the  forma¬ 
tion  of  diamondsbearing  eclogites  as  magnesial  scarns  in  the  gre¬ 
enstones  and  ophiolite  belts  entails  with  multistage  and  longterm 
processes  of.  granitization  and  basif ication.  3)  Carbonate  rocks 
masses  are  constantly  presented  in  the  containing  masses  of  all 
known  types  of  diamonds  deposits  or  they  completely  compose-  their 
ore  fields.  4)  The  carbon  isotop  composition  and  ratio  (C«:C *3) 
in  diamonds  and  limestones  are  identical  and  nevertheless  carbona¬ 
te  rocks  are  still  regarded  as  the  passive  surrounding  environment. 
5)  On  global  scale  tne  placement  of  diamonds  province  of  the  kim- 
berlits  tubes  of  explosion  corresponds  to  the  Clifford’s  rule, 
however  it  doesn’t  define  productivity  of  the  specific  diamondsbe¬ 
aring  tubes,  located  by  groups  in  the  equal  geo  logical-structural 
environments  and  doesn’t  expose  their  genetical  essence.  6)  The 
formation  of  eclogites  and  diamonds  are  caused  by  dinamometamorp- 
hism  in  the  superpressure  conditions,  though  local  and  instant, 
but  at  least  it  is  equal  to  the  force  of  blow  of  large  meteorit 
and  is  similar  to  the  energy  of  origin  of  impactit  types  diamonds. 
7)  The  artifical  growing  of  diamonds  goes  with  high  concentration 
of  carbon  in  the  initial  substratum  subjected  to  the  pressure  more 
than  40  kbar  and  temperature  more  than  1200  C.  The  stable  condi¬ 
tions  for  rise  and  growth  of  diamonds  are  experimental  achieved 
by  two  methods  -  the  blasting  and  gradual  statistical  increasing 
of  PT  parameters,  which  corresponds  to  natural  types  of  diamonds 
deposits  formation.  The  metastable  methods  of  development  of  emb- 
rionic  diamond’s  crystals  lead  to  lonsdeilit  generation  and  to 
outdistancing  grafite’s  growth  or  to  diamonds  combustion  (  at  high 
temperature  ana  low  pressure  ). 

The  development  of  problem  of  the  diamonds  forming,  systema¬ 
tization  and  placement  of  different  formational  types  could  be  re¬ 
alized  by  the  way  of  obtaining  the  factious  carbon  in  the  natural 
conditions  and  in  the  mechanizm  of  geodynamics  origin  of  the  sta¬ 
ble  regime  for  diamonds  formation  (P>40  kbar,  T>1200  C)  when  meta- 
somatic,  tectonic  and  dynamometamorphic  processes  took  part  consi¬ 
stently  or  jointly  (at  explosion).  The  example  of  consecutive  al¬ 
ternations  of  these  processes  when  formating  of  the  eclogites  are 
the  Precambrian  metamorphic  comlexes  of  the  Kokshetau  Massif,  Ki¬ 
rgiz  Range  and  Mugodzhary  Devonian  ophiolite  belt.  The  comparative 
analysis  of  these  regions  has  shown  the  identity  of  frame  of  geo¬ 
logic,  metasomatic  and  metamorphic  formations,  despite  of  the  con¬ 
trast  of  their  tectonof acial  level:  the  presence  of  greenstones 
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and  ophiolite  belts.  Invariably  including  formations  of  carbonate 
rocks,  basic-ultrabasic  intrusives,  -  apobasalt  slates,  gneisses, 
migmatites,  granite-gneisses,  magnesial  and  apomagnesial-carbona- 
tic  scarns  and  eclogite  budin  ana  tectonits  in  the  intensive  cru¬ 
shed  zones.  Structurely  Kokshetau  Massif  eclogites  are  located  in 
the  Precambrian  gneisses  and  slates  of  greenstones  belts,  which 
are  permeated  ana  squeezed  by  the  growing  granite-gneisse  domes  of 
3-rd  types  according  to  F.A.  Letnikov' (1975)  -  Zerendinskii ,  Boro¬ 
vskoi  and  another  massifs.  Interdomes  diamondsbearing  eclogites 
are  facially  changed  by  the  Zholdybai  type  scarns  (Lisitsin,  1970) 
In  the  Mugodgary  diamondsbearing  eclogites  are  developed  in  the 
endocontact  of  basic-ultrabasic  massif  like  Mamyt,  Ebeta  and  ot¬ 
her  of  the  Kempirsai  complex,  stretched  along  the  Main  Ural  Foult 
represented  as  a  line  of  solder  of  collided  lithospheric  Paleozoic 
plates  (Seitov,  Bekmuhametova,  1983).  The  diamondsbearing  eclogi¬ 
tes  in  the  intrusive  seam- zone  on  the  western  contact  of  the  Haba- 
rninsk  massif  are  facially  changed  by  Velikhovsk  plot  skarns  (Bek- 
muhametov,  1982,  1987). 

The  processes  of  magmatic  substitution  and  skarnization  car- 
bonatic  rocks  of  greenstones  and  ophiolite  belts  were  accompani¬ 
ed  by  fract ionization  of  carbon  dioxide.  The  carbon  dioxide  bub¬ 
bles  are  noted  not  only  in  scarn  minerals  and  their  interstiti- 
ums,  but  also  in  the  micropores  surrounding  intrusive  rocks  (Pa- 
rilov,  Bekmuhametov  et  al,  1991  ),  where  tne  carbon  dioxide  parc- 
ial  pressure  reaches  3  kbar  in  depth  conditions  (Pertcev,  1974). 

The  eclogitization  of  magnezial  skarns  and  basic-ultrabasic 
took  place  in  the  dynamometamorphism  conditions  under  anomalous 
pressure  and  temperature  in  the  interdomes  zones  of  catazone 
and  along  seam-zones  of  continents  collision  in  the  ophiolite 
belts  of  any  tedtonofacial  level. The  eclogitization  processes  of 
magnezial  skarns  and  periscarn  rocks  were  accompanied  by  restora¬ 
tion  of  COa  to  CO  and  C  of  graphite  and  diamond;  in  the  basuc- 
ultrabasic  rocks  -  from  ilmenit  to  rutil. Microinclusions  of  gas- 
liquid  phases,  diopside  and  graphite  in  diamonds  and  ilmenit 's 
relics  in  the  rutil  eclogits  confirms  these.  Eclogites  have  been 
arising  along  magnesial  skarns  form  diamondsbearing  paraeclogites 
or  formation  of  apomagnezialskarn  eclogites  with  tne  basic-ultra¬ 
basic  substrat  -  this  is  rutilic  orthoeclogites. 

When  exploising  and  striking  flare  PT  happen  in  the  cimberlit 
blasting  tubes  in  Yakutia,  South  Africa  and  in  other  provinces 
there  are  reactional ly  take  part  accomodating  carbonate  rocks  of 
the  platform  cover.  Here  is  momentary  eclogitization  take  place, 
the  stage  of  scarnation  is  absent.  The  carbon  wave  ref leering  from 
carbonate  roof  outdistances  itself  in  reverse  penetration  eclogi- 
tizatoin  of  piroclastes  and  carbonate  breccia  of  blasting  tubes. 

So,  diamonds  in  the  deep  eroded  tubes  could  be  with  eclogites  wit¬ 
hout  visible  association  and  according  A. F. Wiliams  (1932), 
V.S. Trofimov  (1947).  et  al,  their  content  decrease  down  the  depth. 
During  next  explosions  the  carbonate  pump  in  the  blasting  cameras 
of  kimberlite  tubes  took  place,  which  are  connected  with  restora¬ 
tion  and  increasing  parcial  carbone  pressure,  with  breaking  and 
furter  diamonds  crystallization  to  jewelry  diamonds,  frequentative 
formations  like  breccias  (apobreccias)  eclogites  which  inhereted 
wreckaging  states  from  collapsed  roof’s  carbonate  rocks.  The  in¬ 
volving  processes  skarnation  happened  in  the  adjacent  regions  of 
Siberian  platform  under  the  lower  dinamometamorphic  facies  in  the 
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trapic  tubes  of  explosion  under  the  hydrodynamic  blow  about 
3-4  kbar  only,  under  the  temperature  600  C  and  oxidazing  conditi¬ 
ons  (  Puharevich,  1992) . 

The  T. Clifford  rule  (1966)  needs  the  essential  correction, 
namely:  it  is  necessary  to  consider  the  platform’s  cover  compound 
of  ancient  cratons,  which  contain  the  carbonate  rocks  or  consist 
of  them  completely  within  a  fields  of  kimberlite  tubes  develop¬ 
ment  like  "  Mir"  ,  "Zarnitca"  and  other  in  Yakutia.  Systemati¬ 
zation  of  diamond  deposits  of  every  types  including'  diamondsbea- 
ring  carbonatites,  are  based  on  carbonate  component  of  formating 
part  of  the  structural -formating  complexes  of  surroundig  rocks 
(Bekmuhametova,  1993) . 
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The  Monastery  kimberlite,  South  Africa,  contains  a  spectacular  suite  of  Cr-poor 
megacryst  minerals  recording  a  wide  range  of  compositional  evolution  in  the 
subcontinental  mantle.  The  nature  of  the  megacryst  parent  magma  is  uncertain  and  an 
important  problem  in  upper  mantle  petrology  because  of  possible  links  to  kimberlite.  We 
have  initiated  a  study  which  seeks  to  model  in  quantitative  detail  a  variety  of  possible 
petrogenetic  processes  responsible  for  megacryst  production  and  coexisting  liquid 
evolution.  A  large  number  of  such  processes,  including  some  that  are  open-system,  may 
operate.  We  have  begun  by  modeling  the  simpler,  closed  system  processes  and  will 
consider  other  processes  as  modeling  progresses  and  as  the  data  dictate.  In  this  study  we 
report  the  initial  results  of  fractional  and  equilibrium  crystallization  models  for  the 
compositional  evolution  of  this  Monastery  megacryst  suite. 

The  Monastery  megacryst  suite  is  characterized  by  very  regular  correlated  variations 
major  and  trace  element  chemistry,  suggesting  the  operation  of  a  coherent  petrologic 
process  (Gurney  et  al  1979,  Moore  et  al  1992).  The  basis  for  the  study  is  provided  by  the 
chemical  compositions  and  coexisting  mineral  relationships  examined  in  several  hundred 
megacryst  samples.  Electron-,  proton-  and  ion-microprobe  analyses  of  major  and  trace 
elements  are  used  to  define  the  compositional  evolution  of  the  megacryst  suite  minerals. 
Compositional  relationships  between  the  minerals  were  described  by  a  parameterizion  of 
all  coexisting  megacryst  data  (i.e.,  observed  intermineral  partitioning)  and  individual 
mineral  trends,  so  that  the  composition  of  any  solid  phase  can  be  determined  from  that  of 
any  other.  lon-microprobe  analysis  of  coexisting  megacryst  minerals  revealed  a  systematic 
change  in  intermineral  REE  and  other  trace  element  partition  coefficients  as  a  function  of 
composition/temperature.  These  imply  large  changes  in  mineral-liquid  partition 
coefficients  for  certain  elements  (e.g.  a  3 -fold  decrease  in  Dgt-L  for  Ce,  and  illustrate  the 
degree  of  complexity  required  in  accurate  quantitative  modeling  of  magmatic  systems. 

We  calculated  the  composition  of  a  hypothetical  magma,  proposed  to  be  parental  to 
the  most  magnesian  megacrysts  by  using  the  composition  of  the  Monastery  Quarry 
kimberlite  (Smith  et  al  1985)  as  a  starting  point,  and  correcting  for  assimilation  of 
peridotite  and  megacrysts,  as  revealed  by  petrography.  This  approach  emphasizes  the 
importance,  in  our  view,  of  the  admixture  and  partial  melting/assimilation  of  solid  mantle 
peridotite  into  kimberlite  magma  during  ascent  as  a  process  in  kimberlite  evolution. 
However,  our  initial  calculations  do  not  examine  the  effects  of  AFC-type  processes  on 
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megacryst  evolution  (cf.  Neal  and  Davidson  1989,  Neal  1994).  The  initial  composition 
used  in  the  modeling  was  adjusted  slightly  to  ensure  that  magma  and  first-formed 
megacryst  mineral  compositions  were  consistent  with  expected  partitioning  relationships 
as  revealed  by  laboratory  studies.  It  was  found  that  subtraction  of  petrographically 
observed  peridotite  proportions  yielded  a  magma  in  Fe-Mg  exchange  equilibrium  with  Fo 
88-90  mantle  olivine  at  high  pressure. 

Crystallization  of  the  Monastery  suite  begins  with  olivine  (Fo88),  orthopyroxene, 
clinopyroxene  and  garnet  and  is  replaced  at  lower  temperature  by  the  assemblage 
orthopyroxene-clinopyroxene-gamet-ilmenite.  The  relationship  of  these  minerals  to  more 
evolved  megacrysts  of  olivine  and  Fe-rich  zircon,  and  to  phlogopite,  Nb-and  Cr-rich 
ilmenite  and  Ca-rich  clinopyroxene  is  presently  ambiguous,  as  is  the  possible  role  of  a 
carbonate  phase.  In  simulating  the  fractional  crystallization  process,  solid  phases  are 
incrementally  removed  from  the  calculated  liquid,  in  a  proportion  which  allows  the 
residual  liquid  to  precipitate  megacrysts  which  follow  the  observed  trend  of  the  natural 
samples.  In  these  calculations,  either  the  mineral  proportions,  or  the  mineral-liquid 
partition  coefficients  may  be  specified  (or  varied  continuously).  The  other  variable 
emerges  as  a  product  of  the  calculation.  Solid-liquid  partition  coefficients  are  initially 
those  used  to  determine  the  magmatic  composition. 

Initial  results  using  fixed  mineral  proportions  show  that  fractional  crystallization  of 
the  observed  solid  assemblage  in  peridotite-like  proportions  can  produce  the  chemical 
variations  observed  in  the  first  stages  of  crystallization.  Incompatible  element  abundances 
suggest  that  this  stage,  up  to  ilmenite  entry,  requires  20-30%  crystallization.  However,  it 
appears  that  equilibrium  crystallization  is  also  able  to  reproduce  the  compositions  under 
certain  conditions.  We  are  presently  testing  the  limits  of  these  conditions,  as  well  as 
performing  runs  with  pre-specified  partition  coefficients,  which  aim  to  specify  mineral 
proportions  more  precisely. 
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The  Lace  (also  known  as  Crown)  kimberlite  in  the  northern  Orange  Free  State,  South 
Africa  is  a  group  II  micaceous  kimberlite  containing  abundant  garnet  megacrysts.  Such 
megacrysts  occur  in  several  group  II  kimberlites  of  the  O.F.S.,  and  occur  sporadically 
elsewhere  in  southern  Africa  in  these  host  rocks  (Moore  and  Gurney  1991).  A  magmatic 
origin  for  Cr-pOor  megacrysts  in  group  I  kimberlites  is  generally  accepted,  but  the 
composition  and  petrologic  relationship  of  the  megacryst  parent  magmas  to  kimberlite,  in 
particular  the  host  kimberlite  have  been  debated.  The  occurrence  of  Cr-poor  megacrysts 
in  the  geochemically  and  petrographically  distinctive  group  II  kimberlites  allows  some  of 
these  petrologic  relationships  to  be  tested.  In  this  study  we  have  examined  the 
geochemistry  of  a  suite  of  megacryst  minerals  from  the  Lace  kimberlite  and  compare  it  to 
megacrysts  from  the  well-studied  Monastery  kimberlite,  some  200  km  to  the  south.  The 
Monastery  Kimberlite  is  a  relatively  Fe-rich  kimberlite  belonging  to  the  so-called  Group 
IB  kimberlites  of  Smith  et  al  (1985).  We  also  compare  aspects  of  the  geochemistry  with 
megacrysts  from  Jagersfontein,  a  group  1 A  kimberlite  in  the  southwestern  O.F.S.  (Hops 
1989,  Hops  and  Gumey  1990). 

The  garnet  megacrysts  at  Lace  measure  up  to  7  cm  and  are  extremely  abundant  in  the 
concentrate  tailings  dump.  In  contrast,  only  3  discrete  clinopyroxene  megacrysts  have 
been  recovered.  However,  clinopyroxenes  occur  included  in  garnet  of  all  compositions. 
Large,  cm-sized  olivines  falling  into  two  compositional  groups  on  the  basis  of  Fo  content, 
are  found  in  samples  of  hypabyssal  kimberlite,  but  were  not  recovered  from  dumps. 

Altered  inclusions  possibly  representing  serpentinized  olivine,  have  been  observed  in  a  few 
garnet  megacrysts.  A  petrologic  relationship  of  these  large  olivines  to  the  other  megacryst 
phases  thus  remains  to  be  confirmed  and  at  least  some  large  olivines  are  likely  to  be 
derived  from  peridotites.  Ilmenite  occurs  only  as  inclusions  in  the  most  Fe-rich  (Mg#<74) 
garnets  and  has  not  been  observed  as  a  discrete  phase.  Most  samples  used  in  this  study 
were  recovered  from  concentrate  dumps,  but  garnet  and  olivine  megacrysts  were  seen  in 
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situ  in  samples  of  hypabyssal  kimberlite.  This  kimberlite  differs  from  the  dominant  pipe 
fill,  which  is  a  kimberlite  breccia. 

Garnet  and  clinopyroxene  megacrysts,  including  a  number  of  coexisting  pairs,  were 
analyzed  for  major  and  trace  elements  on  the  electron  probe  (Na,  Mg,  Al,  Si,  P,  K,  Ca,  Sc, 
Ti,  V,  Cr,  Mn,  Fe,  Ni),  the  ion  probe  (Sr,  Y,  Zr,  REE),  and  by  Mossbauer-  (Fe3+,  Fe2+) 
and  infrared  (OH)  spectroscopy.  Similar  analyses  were  performed  on  representative 
megacrysts  from  the  Monastery  (Group  IB)  kimberlite. 

The  Lace  megacrysts  are  broadly  similar  in  composition,  appearance  and  association 
to  megacrysts  from  group  I  kimberlites,  yet  exhibit  some  subtle,  but  distinct  differences. 
The  suite  as  a  whole  is  more  Mg-rich  than  that  at  Monastery,  with  the  most  magnesian 
garnets  having  Mg*  [=100Mg/(Mg+total  Fe)]  =  84  (80,  82  for  Monastery  and 
Jagersfontein,  respectively)  and  a  mode  in  the  overall  distribution  at  Mg*  =  77  (75,  78). 
Clinopyroxenes  are  not  as  subcalcic  for  a  given  Mg*  as  for  the  Group  I  kimberlites,  yet 
display  a  regular  inverse  correlation  between  Mg*  and  Ca/(Ca+Mg),  indicating  a 
temperature  decrease  associated  with  compositional  evolution,  but  at  lower  temperature 
for  a  given  Mg*  than  for  the  group  I  kimberlites  (Fig.  1).  On  the  whole,  the  Lace  garnets 
and  clinopyroxenes  display  extremely  tight  compositional  trends  of  the  type  previously 
interpreted  to  represent  fractional  crystallization  sequences  in  other  suites  (Fig  2).  No 
inflection  is  observed  in  the  trend  of  Ti02  vs  Mg*  (Fig.  3),  with  the  exception  of  a  single 
anomalous  sample,  consistent  with  the  observation  that  ilmenite  is  not  a  co-crystallizing 
phase  until  the  very  last  stages  recorded. 

Minor  and  trace  element  contents  indicate  an  enrichment  in  H,  K,  Sr,  Sc,  V,  Cr, 
Fe3+/Fe  and  Ce/Yb  and  a  depletion  in  Na,  Ti,  Zr,  Y,  HREE  and  P  in  the  Lace  suite 
relative  to  Monastery.  These  differences  are  interpreted  to  reflect  differences  in  the 
geochemistry  of  the  parental  megacryst  magmas  and  their  source  regions.  In  several  ways, 
these  differences  correspond  to  general  or  average  differences  between  group  I  and  group 
II  kimberlites,  and  suggest  that  the  magmas  parental  to  these  megacrysts  are  either 
genetically  related  to  kimberlites  of  the  type  that  transported  the  megacrysts  to  the 
surface,  or  reflect  derivation  from  mantle  similar  to  their  respective  host  kimberlite 
sources.  This  is  supported  by  isotopic  studies  of  the  Lace  suite  (C.B.  Smith  et  al,  this 
volume).  Differences  in  certain  incompatible  trace  element  ratios,  which  should  remain 
relatively  unfractionated  by  magmatic  processes,  and  differences  in  major  and  compatible 
element  abundances  suggest  that  the  sources  of  both  major  and  incompatible  trace 
elements  are  different  for  the  Lace  and  Monastery  megacryst  suites. 

Hops,  J.  J.  1989  Some  aspects  of  the  geochemistry  of  high-temperature  peridotites  and 
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Fig.  2.  Lace  garnet  megacrysts 
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Isotope  composition  of  the  sub-continental  lithosphere 
underling  the  SW  Sao  Francisco  craton  margin,  Brazil:  clues  to 
the  origin  of  EMI-type  enriched  mantle  reservoirs. 
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The  nature  and  restricted  range  of  Sr  and  Nd  isotopic  composition  of 
Cretaceous  kimberlites,  olivine  melilitites,  tuffaceous  diatremes  of  kamafugitic 
affinity  and  carbonatite  complexes  intruded  through  the  Proterozoic  rocks  which 
overly  and  flank  the  southwestern  Sao  Francisco  craton  margin  indicate  that  these 
magmas  either  interacted  extensively  with  or  where  derived  from  a  light  rare  earth 
element  (LREE)  enriched  homogeneous  lithospheric  mantle  source  isotopically 
similar  to  the  “Enriched  Mantle  I"  (EMI)  component.  The  shallower  alkalic  rocks 
contain  a  greater  proportion  of  this  EMI-like  component,  whereas  the  lower  time- 
averaged  Rb/Sr,  Nd/Sm  and  Pb/U  ratios  of  the  kimberlites  compared  to  the  other 
rock  types  may  indicate  mixing  of  the  EMI-like  mantle  material  with  variable  amounts 
of  a  high  U/  Pb  (HIMU-like)  component.  Systematic  variations  in  rock  types  and 
geochemistry  are  evident  on  a  regional  scale  and  are  believed  to  be  indicative  of 
vertical  geochemical  heterogeneities  which  are  translated  into  lateral  heterogeneities 
by  different  depths  of  melting.  It  is  proposed  that  HIMU-,  and  EMI-like  signatures  in 
particular,  are  concentrated  in  laterally  extensive  but  vertically  distinctive  portions  of 
the  mantle  beneath  the  southwestern  Sao  Francisco  craton. 

The  sources  of  the  shallower  alkalic  rocks  at  Coromandel,  the  high-Ti  of  the 
nortern  Parana  basin  and  some  Ocean  Island  Basalts  (OIB)  with  Dupal  signatures  in 
the  South  Atlantic  (with  the  Walvis  Ridge  Basallts)  all  appear  to  be  related  to  the  EMI 
component,  In  general,  EMI  signatures  in  continental  settings  appear  to  be  restricted 
to  shallow-derived  volcanism  (e.g.  carbonatites  and  rift-volcanics  in  Brazil  and  East 
Africa)  where  HIMU-type  signatures  (e.g.  high-temperature  megacrysts  and  diamond 
bearing  Southern  African  kimberlites)  may  originate  from  a  source  that  was  hotter 
and  which  started  melting  deeper  Fn  the  mantle.  This  source  of  the  HIMU-type 
signatures  could  be  the  asthenosphere,  brought  up  by  a  mantle  plume  which  was 
active  at  the  time  of  the  emplacement  or,  it  may  have  developed  by  long-term 
entrapment  of  blobs  and  weak  plumes  accumulated  in  the  lower  subcontinental 
lithosphere. 

Upper-Mesozoic  binary  mixing  between  up-welling  HIMU-like  melts  and 
volumetrically  dominant  old  EMI-like  mantle  materials  from  the  overlying  Mechanical 
Boundary  Layer  (MBL)  of  the  lithospheric  mantle  is  capable  of  satisfying  the 
constraints  of  the  data  obtained  in  this  study.  The  radiogenic  isotopes  are  consistent 
with  a  sequence  of  events  in  which  the  local  mantle  lithosphere  was  enriched  in 
incompatible  elements  during  extensional  which  predated  the  formation  of  the 
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Brasilia  fold  and  trust  belt.  Plotted  against  crystallization  age,  the  initial  3Nd  values  of 
the  studied  volcanics  tit  the  evolution  path  defined  from  the  Proterozoic  crustal 
sequences  of  the  Tocantins  Province.  Starting  on  the  mantle  evolution  curve  and 
progressing  linearly  to  lower  values  with  time,  the  data  clearly  show  that  the  ultimate 
origin  of  the  EMI-type  3nd  values  is  connected  to  the  tectonic  processes  which  led  to 
the  formation  end  evolution  of  the  crustal  sequences  within  the  Proterozoic 
Tocantins  Province. 

Compared  to  the  source  of  micaceous  Group  II  kimberlites,  both  the 
isotopically  transitional  kimberlites  from  Prieska  in  southern  Africa,  and  the  Brazilian 
rocks  described  here  originated  from  sources  with  lower  time-averaged  Rb/Sr.  It 
might  not  be  a  coincidence  that  the  Prieska  kimberlites,  which  in  terms  of  isotopic 
composition  and  PGE  signatures  are  the  closest  kimberlite  equivalents  to  the 
Brazilian  kimberlites,  also  intrude  a  cratonic  margin  which  has  been  affected  by 
meso-Proterozoic  thin  skinned  tectonism  The  east-African  Carbonatites  (Bell  and 
Blenkinsop,  1987),  which  intrude  the  eastern  margin  of  the  Tanzanian  craton  which 
has  been  affected  by  neo-Proterozoic  thin  skinned  tectonism  during  the  Pan-African 
orogeny,  aiso  have  isotopic  signatures  very  similar  to  the  LoNd  line.  The  high 
143Nd/144Nd  low  87Sr/86Sr  North  American  lamproites  also  intrude  overthickened 
craton  margins  which  were  tectonically  reactivated  in  the  meso-Proterozoic  (e.g. 
Mitchell  and  Bergmann,  1991).  It  is  possible,  therefore,  that  the  similar  87Sr/86Sr 
ratios  observed  in  all  those  areas  might  reflect  firts-order  modifications  to  ancient 
upper  lithosphere  imposed  by  thin-skinned  Proterozoic  tectonic  processes  in  peri- 
cratonic  domains. 

It  is  speculated  that  the  lower  87Sr/86Sr  of  those  Mesozoic  volcanics  relative 
to  Group  II  kimberlites  and  other  enriched  mantle  derived  may  represent  time- 
integrated  Rb  depletion  attained  gabbro-eclogite-granulite  phase  transformations 
(which  could  have  been  accompanied  by  CO2  metasomatism)  following  tectonic 
overthickening  at  cratonic  margins.  The  nature  of  the  shallow-derived  EMI-type 
materials  may  possibly  by  reconciled  with  the  models  of  delamination  of  enriched 
continental  lithocphere  of  sufficient  phase  transformations  occurred  and  density 
inversion  and  delamination  were  attained,  with  a  consequent  removal  of  EMI-like 
material  into  the  convecting  asthenosphere.  Large  portions  of  delaminated  ancient 
Brazilian  lithosphere  could  have  contaminated  a  belt  of  South  Atlantic  asthenosphere 
which  is  now  erupting  at  hot  spot  islands  which,  in  turn  contaminate  nearby  sections 
of  the  Mid-Atlantic  ridge.  According  to  this  model,  the  Walvis  ridge  basalts  are 
maxtures  of  delaminated  lithosphere,  which  was  affected  previously  by  Proterozoic 
tectonism  and  overthickeing  of  the  western  margins  of  the  Central  African  crtaton, 
and  more  typical  “normal”  oceanic  compositions  lying  within  the  oceanic  mantle 
array. 
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PERIDOTITE  XENOLITHS  FROM  THE  UDACHNAYA  KIMBERLITE  PIPE 
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Speculation  on  the  composition  and  structure  of  cratonic  lithosphere  must  be  constrained  by 
bulk  analyses  of  large  xenoliths.  Those  of  sufficient  size  to  provide  suitable  analytical  samples  are 
rare,  but  a  suite  of  forty-one  has  been  collected  at  Udachnaya.  These  include  spinel  facies 
peridotites,  coarse  low-temperature  garnet  peridotites  and  high-temperature  sheared  lherzolites  and 
harzburgites.  Bulk  analyses  have  been  carried  out  on  samples  that  are  predominantly  in  excess  of 
300  grams  and  these  are  combined  with  electron  probe  analyses  to  provide  modes. 

The  peridotites  from  Udachnaya  closely  resemble  counterparts  from  the  Kaapvaal  craton  in 
southern  Africa.  The  spinel  facies  peridotites  are  characterized  by  red-brown  spinel  in  symplectites 
accompanying  orthopyroxenes  with  1. 5-3.0  wt.%  AI2O3.  The  garnets  in  coarse,  low-temperature 
peridotites  are  rounded  to  irregular,  from  <  1  mm  to  5  mm,  are  clustered  in  some  specimens  and 
have  Cr2C>3  contents  ranging  widely  from  1  to  9  wt.%.  All  but  one  of  the  low-temperature  spinel 
and  garnet  peridotites  have  mg  numbers  in  the  range  92.0-93.0.  High-temperature  lherzolites  and 
several  harzburgites  have  textures  ranging  from  coarse  to  (more  commonly)  porphyroclastic- 
mosaic,  some  exhibiting  extreme  fluidization  of  enstatite.  Their  garnets  are  invariably  rounded. 
These  rocks  are  enriched  in  Fe  and  Ti  relative  to  the  low-temperature  peridotites  but  have  similar 
ranges  of  CaO  and  AI2O3. 

Udachnaya  peridotites  have  been  metasomatized  with  alteration  of  major  element  contents 
prior  to,  during  and  following  eruption.  Rims  of  garnets  in  some  high-temperature  rocks  are 
enriched  in  Ti,  probably  by  reaction  with  melts  prior  to  eruption  (Smith  and  Boyd,  1989).  All 
Udachnaya  peridotites  contain  secondary  interstitial  diopside  believe  to  have  been  introduced 
during  eruption.  The  secondary  diopside  is  extremely  variable  in  composition  but  is  commonly 
poor  in  Al,  Cr  and  Na  and  rich  in  Fe  and  Ti  relative  to  primary  diopside.  It  characteristically  forms 
mantles  on  primary  enstatite  that  texturally  pre-date  serpentine.  The  secondary  diopside  is 
sometimes  accompanied  by  calcite  and  rarely  by  monticellite.  Its  modal  proportion  ranges  up  to  5 
absolute  wt.%. 

Bulk  analyses  for  many  Udachnaya  peridotites  show  an  excess  of  FeO  over  that  calculated 
from  the  electron  probe  analyses  of  primary  minerals  and  the  mode  (Fig.  1).  This  "introduced 
FeO"  is  as  large  as  1.5  wt.%  and  it  correlates  with  loss-on-ignition(Fig.  2).  It  thus  appears  to  have 
been  introduced  along  with  H2O  and  CO2  during  serpentinization,  following  cooling  of  the 
kimberlite  and  included  xenoliths  to  temperatures  of  several  hundred  degrees. 

Estimates  of  the  temperatures  and  depths  of  equilibration  of  Udachnaya  peridotites  form 
two  clusters  that  plot  close  to  the  40  mW/m2  conductive  geotherm  (Fig.  3).  There  is  a  gap 
between  points  for  high-temperature  peridotites  and  those  for  the  low-temperature  rocks  similar  to 
that  which  is  found  in  plots  for  Kaapvaal  peridotites  (Finnerty  and  Boyd,  1987).  This  depth 
interval  may  be  occupied  in  part  by  megacrystalline  dunjtes  (Pokhilenko  et  al.,  1993).  There  is 
little  evidence  of  an  inflection  in  the  Udachnaya  geotherm  in  contrast  to  Kaapvaal  plots,  a 
consequence  of  the  markedly  lower  AI2O3  contents  of  enstatites  in  the  high-temperature  peridotites 
from  Udachnaya.  The  xenoliths  of  deepest  origin  come  from  about  200  km  in  both  Siberia  and  the 
Kaapvaal  craton.  They  must  be  regarded  as  a  part  of  the  craton  root  inasmuch  as  most  of  their  Re 
depletion  ages  are  in  the  range  1-3  Ga  (Pearson  et  al.,  1995). 
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A  plot  of  mg  number  agajnst  modal  olivine  for  the  low-temperature  Udachnaya  peridotites 
differentiates  them  from  oceanic  peridotites  but  shows  a  wide  concordance  with  Kaapvaal 
counterparts  (Fig.  4).  The  average  mg  number  is  92.6  for  Udachnaya  and  92.7  for  the  Kaapvaal. 
The  average  modal  olivine  (or  Mg/Si)  is  higher  for  Udachnaya  but  there  is  a  large  variation  for  both 
suites  and  a  broad  overlap.  Moreover,  there  is  a  concordance  in  ranges  of  Ca/Al.  These  cratonic 
peridotites  appear  to  have  formed  in  processes  that  differ  from  that  in  which  Phanerozoic  oceanic 
lithosphere  has  been  generated  but  which  may  have  been  very  similar  for  the  Kaapvaal  and  Siberia. 

Kinzler  et  al.  (1993)  have  shown  that  depleted  oceanic  peridotites  are  not  simple  residues 
but  have  been  enriched  in  olivine  by  upward  percolation  of  melt  of  later  generation.  Residues  that 
have  failed  to  interact  with  later  melt  may  have  Mg/Si  closer  to  that  of  average  cratonic  peridotite. 
Such  residues  might  be  cumulates  and  cumulate  formation  might  also  provide  the  wide  variation  in 
modal  olivine  that  is  characteristic  of  Udachnaya  and  Kaapvaal  peridotites. 
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Fig.  1 :  A  plot  of  FeO  in  the  normalized  bulk  analyses  (observed)  against  FeO  calculated  from  the 
electron  probe  analyses  of  primary  minerals  and  the  modes. 

Fig.  2:  A  plot  of  "introduced  FeO"  against  loss-on-ignition  for  Udachnaya  peridotites;  "introduced 
FeO"  is  the  difference  between  FeO  in  the  normalized  bulk  analysis  and  that  calculated  from  the 
primary  mineral  analyses  and  the  mode. 

Fig.  3:  Temperature-depth  estimates  for  high-temperature  (solid  circles)  and  low-temperature 
(open  squares)  garnet  peridotites  from  the  Udachnaya  kimberlite.  Estimates  were  made  with  the 
FB86  cpx  solvus  thermometer  and  Al  in  opx  barometer  of  MacGregor  (1974),  as  recommended  by 
Finnerty  and  Boyd  (1987). 

Fig.  4:  A  plot  of  modal  olivine  against  Mg/(Mg+Fe)  of  olivine  for  low-temperature  peridotites 
from  Udachnaya  and  the  Kaapvaal.  Both  spinel-  and  garnet-facies  peridotites  are  included.  The 
Oceanic  Trend  illustrates  the  compositional  path  from  fertile  pyrolite-like  peridotites  to  depleted 
residues,  including  abyssal  and  alpine  peridotites  and  ophiolite  tectonites  (Boyd,  1989) 
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THE  AGE  DIVISION  OF  .THE  KIMBERLITIC  AND  RELATED  MAGMATITES 
IN  THE  N.-  E.  OF  THE  SIBERIAN  PLATFORM  (  METHODS  AND  RESULTS ) 

Brakhfogel  F.F. 

Yakutian  Institute  of  Geological  Sci.,  39  Lenin  Ave.,  Yakutsk,  677891,  Russia 

1  .  The  region  covers  the  Anabar  anteclise  and  its  slopes  under  Upper  Paleozoic 
( the  Tunguska  sineclise)  and  Mesozoic  ( the  Viluy  sineclise,  Predverkhoyan  and  Lena  - 
Khatanga  basins  )  sediments.  At  the  South  the  Nepa  -  Botuobiya  anteclise  is  within  the 
region  boundaries.  About  26  fields  of  kimberlitic  and  related  magmatites  ( near  1000 
various  bodies  )  are  disorderly  placed  there  on  the  area  of  approximately  1,5  million  sq. 
km.  The  magmatites  of  northern  and  southern  parts  of  this  region  essentially  differ  in 
some  material  parameters.  These  differences  may  be  caused  by  the  following  reasons: 

a)  the  inherent  difference  in  material  compositions  of  magmagenerative  substrata, 

b)  the  variations  of  thermodynamical  regimes  of  magmatic  systems  formation, 

c)  the  petrological  evolution  of  substrata  in  their  repeated  activization  periods 
during  the  Fanerozoic. 

It  is  possible  all  these  factors  functioned  together.  The  only  basis  for  the  correct 
deciphering  of  the  true  reasons  of  these  differences  is  the  reliable  age  of  these  magmatites 
or  the  time  of  all  the  kimberlitic  events  in  the  region. 

2  .  Our  experience  in  work  with  various  information  sources  concerning  the  ages  of 
these  magmatites  showed,  that  there  are  no  universal  age  markers  which  are  constantly 
reliable.  That  is  why  it  is  necessary  to  use  the  age  markers  of  both  the  geological  and 
isotopic  nature  to  increase  the  dating  accuracy  of  particular  bodies  as  well  as  the  epochs  of 
kimberlitic  activization. 

3  .  The  set  of  used  age  markers  includes: 

a)  Geological  location  of  magmatites  ( the  ages  of  broken  through  and  overlying 
sediments  ).  In  the  region  the  markers  of  this  group  have  auxiliary  or  local  significance,  as 
nearly  90  %  bodies  are  outcropped  on  the  Archean  -  Lower  Ordovician  surface  and 
covered  only  with  the  quarternery  sediments. 

b)  Primary  intermediate  collectors  ( the  basal  strata  of  the  sedimentation  cycles  with 
the  typomorphic  kimberlitic  minerals  ).  These  collectors  arise  only  as  a  consequence  of  the 
washing-out  of  the  newly  formed  kimberlitic  and  related  bodies  and  have  the  regional 
spreading  and  correctly  fix  the  upper  boundaries  of  the  corresponding  epochs  of 
magmatism.  They  are  more  informative  in  the  dating  than  the  overlying  sediments  which 
are  very  frequetly  eroded  completely  in  the  known  kimberlitic  fields. 

c)  Dated  xenoliths  in  the  explosive  bodies  ( the  fragments  or  relics  of  sedimentary 
rocks  with  the  distinguished  fauna  +  flora  remains  and  rarely  the  fragments  of  the 
Fanerozoic  basite  rocks  ).  In  principle,  such  xenoliths  have  to  define  the  lower  boundaries 
of  the  kimberlitic  magmatism  epochs.  However,  in  practice  they  fix  the  relatively  more 
ancient  boundaries..  This  is  due  to  the  permanent  washing-out  of  the  upper  part  of 
prekimberlitic  sediments  and  the  vertical  dispersion  of  the  xenoliths.  That  is  why  the 
youngest  xenoliths  are  absent  in  the  pipes  with  the  considerable  denudation.  Nevertheless 
the  age  markers  of  this  group  permit  to  define  the  beginning  of  the  magmatic  epochs  with 
the  acceptable  accuracy. 

d)  Results  of  the  isotopic  dating  (  Rb/Sr  and  K/Ar  dates  of  the  matrix  in  the  breccias 
and  intrusiye  rocks  with  the  microlitic  phlogopite,  U/Pb  and  U-track  dates  of  zircones, 
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U/Pb  dates  of  perovskites  ).  Now  there  are  nearly  480  different  dates  for  the  260 
kimberlitic  and  related  bodies  of  the  region  (  our  and  reference  data  ).  In  contrast  to 
geological  markers  isotopic  dates  show  not  the  age  of  these  bodies  but  the  time  of  the 
crystallization  and  transformation  of  the  above  minerals.  The  conformity  of  such  time  and 
age  of  the  dated  bodies  it  is  not  obvious.  That  is  the  reason  of  the  dating  conflicts  between 
the  geological  and  isotopic  dates.  Therefore  such  dates  can  not  be  used  in  these  nominal 
values  and  need  some  special  interpretation. 

4  .  The  basis  of  the  interpretation  is  the  proved  link  between  the  events  of  the 
kimberlitic  magmatism  and  the  periods  of  the  long  or  contrast  lifting  of  the  big  parts  of 
the  Siberian  platform  (  "the  paleotectonic  niches").  In  the  Fanerozoic  history  of  the  region 
there  were  10  such  lifting.  All  of  them  are  fixed  by  the  regional  interruptions  ( breaks )  on 
the  corresponding  stratigraphic  levels.  These  interruptions  have  the  variable  volume  and 
plausibly  define  the  real  geochronological  position  of  the  known  and  possible  epochs  of 
the  kimberlitic  and  related  magmatite  formation. 

5  .  The  position  of  the  isotopic  dates  fluctuates  from  the  ideal  coincidence  with  the 
boundaries  of  the  epochs  (  1/3  of  the  dates  )  to  the  increase  of  the  age  by  the  tens  million 
years.  Sometimes  the  isotopic  dates  correspond  to  the  "nonkimberlitic"  periods  of  the 
immersion  of  the  earth  blocs  and  of  the  sedimentation.  Rb/Sr  dates  of  the  rocks  and  U/Pb 
dates  of  the  minerals  correlate  with  the  epochs  most  satisfactorily.  Older  dates  of  the 
concrete  bodies  are  also  used  for  the  definition  of  their  formation  epochs  in  the  terms  of 
the  correction.  For  this  end  the  limits  of  the  isotopic  dates  or  the  calibrate  intervals  of  the 
confidence  are  used  for  this  end.  Each  of  them  embraces  one  sedimentation  cycle  and 
corresponds  to  the  period  of  physical  time  between  the  upper  parts  of  the  adjacent 
sedimentation  interruptions. 

6  .  Analysis  of  the  all  accumulated  age  information  in  the  terms  of  "the  paleotectonic 
niche"  permits  to  note  the  following: 

a)  in  the  Fanerozoic  history  of  the  N.-E.  of  the  Siberian  platform  seven  epochs  of 
the  kimberlite  formation  really  existed  ( the  figure ):  Later  Ordovician  (  ~450  -  440  m.y.), 
Later  Silurian  -  Early  Devonian  (  ~  410  -  395  m.y.),  Later  Devonian  -  Early  Carboniferous 
(  ~  370  -  320  m.y.),  Middle-Later  Triassic  (  ~  240  -  215  m.y.),  Later  Jurassic  (  ~  160  -  145 
m.y.),  Cretaceous  (  the  boundary  of  Early  and  Later  Cretaceous,  ~  105-95  m.y.)  and 
Early-Middle  Paleogene  (  ~  60  -  50  m.y.).  The  concrete  bodies  of  Later  Vendian,  Early- 
Middle  Ordovician  and  Early  Paleogene  epochs  have  not  been  found  for  the  time  being; 

b)  more  intensively  the  kimberlitic  magmatism  was  displayed  in  Later  Devonian  - 
Early  Carboniferous,  Middle-Later  Triassic  and  Later  Jurassic; 

c)  most  of  the  kimberlitic  fields  of  the  region  are  polychronic  and  unite  the  various 
facial  bodies  of  2-4  epochs; 

d)  the  first  evidences  that  the  different  parts  of  the  complicated  bodies  are 
polychronic  and  formed  in  the  different  epochs  have  been  obtained. 

The  accumulation  of  the.  age  isotopic  information  for  kimberlitic  and  related 
magmatites  of  the  region  with  the  purpose  to  control  the  conclusions  and  some  practice 
recommendations  is  going  on. 
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Fig.  The  scheme  of  the  kimberlite  magmatism  epochs  in  the  N.-E. 
of  the  Siberian  platform  •  (by  F.F.  Brakhfogel) 
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ISOTOPIC  DATING  OF  KIMBERLITE  AND  RELATED  ROCKS  IN  THE  N.-E 
THE  SIBERIAN  PLATFORM 


Brakhfogel  F.F.,  Zaitsev  A.I. ,  NenashevN.I. 

Yakutian  Institute  of  Geosciences,  39  Lenin  A ve.,  Yakutsk,  677891,  Russia 

1.  In  this  region,  about  1,000  kimberlite  and  related  bodies  have  been  found  to  date,  every 
year  marking  a  discovery  of  new  ones.  They  belong  to  different  facies,  are  made  up  of  various 
kimberlite  and  alkaline-ultrabasic  rocks,  have  different  ages.  Age  classification  of  this  diversity  of 
magmatites  is  a  topical  problem  in  both  fundamental  and  practical  aspects.  We  have  been 
studying  the  problem  for  more  than  20  years  using  age  markers  of  geological  and  isotopic  nature. 
At  present,  the  potential  of  geological  age  markers  based  on  information  about  magmatites  of  the 
region  is  practically  exhausted.  Further  details  of  the  age  spectrum  can  only 

be  obtained  with  a  wider  use  of  isotopic  datings  of  the  rocks. 

2.  To  date,  an  isotopic  database  for  this  region  contains  about  500  age  determinations  for 
approximately  280  bodies  of  different  compositions  obtained  using  Rb-Sr,  K-Ar,  U-Pb,  and  U- 
trace  age  methods.  Such  a  number  of  ages  makes  it  possible  to  assess  the  geochronological 
accuracy  and  ways  of  using  the  above  methods  under  regional  conditions.  This  is  required  in  light 
of  a  large  volume  of  the  forthcoming  dating  work  and  emergence  of  conflicting  ages  obtained  by 
different  methods  for  the  same  bodies. 

3 .  In  mineragenic  aspect,  the  rocks  considered  represent  a  mixture  of  restite, 
protomagmatic,  xenogenic  and  late-magmatic  minerals.  Of  these,  only  the  late-magmatic  mineral 
complex  gives  an  unequivocal  record  of  the  time  of  complete  consolidation  of  melt  systems  or  the 
real  age  of  bodies.  This  complex  makes  up  the  grounmass  of  breccias  (GMB)  and  a  predominant 
volume  of  intrusive  rocks.  It  represents  a  microgranular  aggregate  from  which  separation  of  the 
minerals-concentrators  of  isotopic  systems  as  monofractions  is  practically  impossible.  This  is  why 
the  age  of  the  complex  is  determined  by  whole-rock  dating  of  GMB  and  intrusive  rocks.  The 
methods  used  are  referred  to  as  "whole-rock  methods".  The  earlier  minerals-concentrators 

(  zircon,  phlogopite,  etc.)  form  larger  individuals,  permitting  one  to  separate  them  as  both 
monofractions  and  individual  minerals  (grains).  The  age  methods  used  are  referred  to  as 
"monomineral".  As  distinct  from  "whole-rock"  ones,  "monomineral"  methods  cannot  be  used  for 
most  of  the  intrusive  magmatites  that  compose  approximately  1/3  of  the  known  bodies  and  do 
not,  as  a  rule,  contain  large  enough  grains  of  required  minerals.  The  above  mentioned  isotopic 
database  includes  both  "whole-rock"  and  "monomineral"  estimates.  Isotopic  estimates,  obtained 
by  any  method,  show  significant  nominal  variations  and,  in  general,  tend  to  be  to  various  extent 
older  than  the  real  ages  of  the  dating  bodies.  This  is  caused,  first  of  all,  by  natural  changes  of 
minerals-concentrators  or  various  distortions  of  isotopic  systems  of  the  analyzed  samples  rather 
than  by  errors  of  different  methods. 

.  4.  Rb-Sr  dating  is  based  on  study  of  the  initial  87Rb/87Sr  balance  in  microlitic  phlogopites 
only  ( individuals  larger  than  0.5  mm  are  removed  when  preparing  samples  for  analysis  because, 
as  shown  by  our  experimental  Rb-Sr  dating  of  such  phlogopites,  they  practically  always  yield  ages 
older  by  tens  and  hundreds  millions  of  years  ).  This  isotopic  system  is  the  most  accurate  and 
universal  geochronometer  of  kimberlite  and  related  rocks;  however,  it  is  often  distorted  in  certain 
samples  to  yield  older  and,  rarely,  younger  age  estimates.  The  main  reasons  are  (i)  removal  of 
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87Sr  from  phlogopites  dunng  post-magmatic  alteration  of  the  rocks  (hypergenesis,  metasomatosis, 
etc.);  (ii)  the  presence  of  concentrators  of  older  Rb-Sr  systems  (microfragments  of  "pre-pipe" 
micas  and  some  metamorphogenic  minerals)  in  the  rocks;  and  (iii)  the  presence  of  ordinary 
strontium  concentrators  (  perovskite  and  other  strontium-bearing  minerals  of  any  nature  )  in  the 
rocks.  With  certain  requirements  to  sample  selection  and  preparation  observed,  the  obtained 
Rb-Sr  ages  permit  one  to  reliably  refer  the  studied  bodies  to  definite  epochs  of  kimberlite 
magmatism.  Approximately  60  per  cent  of  such  ages  correspond  to  borders  between  the  epochs, 
about  30  per  cent  are  to  various  extent  "outdated",  and  the  rest  are  useless  for  various  reasons. 

The  Rb-Sr  age  method  is  unsuitable  for  rocks  containing:  (i)  <1  per  cent  microlitic  phlogopite  and 
<10  per  cent  carbonates;  and  (ii)  >2  per  cent  perovskite  and  feldspar  microfragments,  as  well  as 
for  rocks  with  visible  indications  of  post-magmatic  alteration  (  chloritization  >20  per  cent 
phlogopite,  superposed  potassic  feldspar,  etc.) 

5.  K-Ar  dating  is  based  on  study  of  the  initial  40K/40Ar  balance  in  micas  and 
comeconstituents  of  a  fine-grained  matrix.  Ages  of  this  group  tend  to  be  "outdated",  some 
deviating  as  much  as  150-200  m.y.  This  is  due  to  (i)  removal  of  40K  from  micas  and  matrix 
minerals  during  various  alteration  of  the  rocks;  (ii)  the  presence  of  microfragments  of  "pre- 
kimberlite"  micas  and  some  metamorphogenic  minerals  in  the  rocks;  and  (iii)  practically  steady 
presence  of  variable  amounts  of  excess  (mantle)  40  Ar.  The  latter  is  the  main  reason  of  "outdated" 
K-Ar  age  estimates.  Where  adjacent  kimberlite  and  younger  basic  magmatites  occur, 

"rejuvenated"  K-Ar  ages  often  result,  probably  due  to  heating  of  kimberlite  bodies  and  40 Ar 
migration  from  their  composing  rocks.  In  general,  about  40  per  cent  of  obtained  K-Ar  ages 
conform  to  boundaries  the  epochs  of  kimberlite  magmatism,  about  40  per  cent  are  to  various 
extent  "outdated",  and  the  rest  20  per  cent  cannot  be  used  as  age  markers  for  various  reasons. 

This  method  is  suitable  for  rocks  containing  <1  per  cent  micromicas  and  >2-3  per  cent  perovskite, 
which  are  unsuitable  for  Rb-Sr  method.  It  is  not  recommended  to  use  K-Ar  age 

method  for  rocks  with  >10  per  cent  carbonates,  >2-3  per  cent  metamorphogenic  minerals  and 
rocks  with  obvious  indications  ,  of  any  post-magmatic  alteration. 

6.  The  U-Pb  method  uses  the  238U/206Pb  balance  in  magmatogenic  zircons  from  breccias. 

In  theory,  entrapment  into  melts  with  temperatures  of  1,000-1,200  should  lead  to  a  complete 
diffusion  of  the  "ancient"  206Pb  from  crystals  of  any  age.  Its  next  accumulation  commences  with 
decreasing  temperature  during  the  emplacement  of  kimberlite  and  related  bodies.  The  few 
available  U-Pb  zircon  ages  have  different  accuracies:  they  are,  in  fact,  ideally  coincident  with 
the  boundaries  of  some  of  the  epochs  (  03,  S2-Di,  D3-C1?  T2_3,  J3  ),  but  are  contradictory  to 
xenogenic  age  markers  for  some  pipes  in  the  southern  part  of  the  region.  Therefore,  any  age 
estimate  of  this  group  is  an  undeniable  proof  of  the  reality  of  the  corresponding  epochs,  but 
cannot  serve  as  a  reliable  evidence  of  the  age  of  concrete  bodies.  The  reason  of  this  phenomenon 
requires  a  special  study.  Perhaps,  it  is  due  to  either  relatively  low  temperatures  of  remobilization 
of  the  older  kimberlite  rocks  during  emplacement  of  the  younger  ones  and  preservation  of  the 
"ancient"  206Pb  or  chronological  inhomogeneity  of  zircons  themselves  in  concrete  bodies.  This 
problem  is  under  study  now.  In  general,  U-Pb  zircon  ages  are  used  so  far  only  as  a  reference  to 
verify  the  epochs.  The  use  of  the  method  is  restricted  by  accessory  nature  of  zircons  in  breccias 
and  their  actual  absence  in  intrusive  rocks. 

7.  U-Pb  dating  of  perovskites  is  a  new  facet  of  isotopic  studies  in  the  region  (  a  few 
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estimates  are  available  ).  Like  microlitic  phlogopites,  perovskites  fall  in  the  late-magmatic 
complex,  are  practically  always  present  in  intrusive  and,  more  rarely,  explosive  rocks.  All  this 
proves  a  need  for  as  fast  as  possible  introduction  of  this  method  into  the  practice  of  isotopic 
dating  of  kimberlite  and  related  magmatites.  At  present,  experimental  U-Pb  perovskite  dating  of 
15  bodies  of  different  compositions  has  been  completed.  The  results  will  be  reported  at  this 
Conference  by  Dr  P.D.Kinny  (  Australia  ).  It  is  expected  that  the  perovskite  age  markers, 
combined  with  the  Rb-Sr  ages  of  the  rocks,  will  allow  us  to  successfully  and  accurately  solve  the 
problem  of  age  classification  of  the  considered  magmatites  of  the  region. 

8.  The  U-trace  age  method  is  based  on  counts  of  fission  tracks  of  238U  in  magmatogenic 
zircons  from  various  breccias.  It  is  assumed  that  with  the  entrapment  of  zircons  into  melts  with 
temperatures  of  over  500-600  all  earlier  tracks  disappear  and  new  ones  start  to  accumulate  at 
lower  temperatures  immediately  during  the  emplacement  of  the  explosive  bodies.  The  accuracy 
of  these  ages  is  contradictory:  approximately  75  per  cent  are,  on  the  average,  as  accurate  as  Rb-Sr 
ages  and  the  rest  are  at  variance  with  some  age  markers.  The  reason  of  this  phenomenon  is 
unclear  (  either  preservation  of "  ancient"  tracks  or  technical  errors  in  obtaining  the  induced  tracks 
).  Due  to  it,  U-trace  estimates  cannot,  in  general,  serve  as  unequivocal  markers  of  either  the  age 
of  concrete  bodies  or  the  epochs  of  kimberlite  emplacement. 

9.  All  isotopic  datings  of  kimberlite  and  related  rocks  have  their  own  advantages,  but  fail 
to  always  yield  reliable  age  markers.  Therefore,  isotopic  data  should  only  be  used  in  combination 
with  age  markers  of  geological  nature.  Still,  the  Rb-Sr  whole-rock  dating  and  U-Pb  perovskite 
dating  should  be  considered  as  basic  for  mass  dating  of  magmatites  in  this  region.  It  is  expedient 
to  use  the  U-Pb  zircon  dating  as  a  reference  for  the  verification  of  the  magmatism  epochs. 
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MICROSTRUCTURES  IN  MINERALS  FROM  THE  GARNET  LHERZOLITE  BODY  ALPE 
ARAMI  (CENTRAL  ALPS)  -  EYEWITNESSES  OF  UPPER  MANTLE  CONDITIONS  AND 
UPLIFT  HISTORY 

BRENKER1'2'3  F.,  MULLER1, W.F.  &  BREY2'3  G. 

1.  In st it ut  fur  Mineralogie,  TH  Darmstadt  -  Universitat,  Schnittspahnstr.  9,  64287 

Darmstadt,  Germany 

2.  Max-Planck-Institut  fur  Chemie,  Abt.  Kosmochemie,  Postfach  3060,  55020  Mainz, 

Germany 

3.  Institut  fur  Petrologie,  J.W.  Goethe-Universitat , Senckenberganlage  3 1,  Postfach  1 1 1932, 

60054  Frankfurt  am  Main,  Germany 

Introduction:  The  reconstruction  of  the  upper  mantle  and  the  uplift  history  of  the  garnet 
peridotite  body  from  Alpe  Arami  and  its  country  rocks  may  be  obtained  from  a  combination  of 
geothermobarometric  and  chronological  data  with  microstructural  features.  Microstructures  were 
determined  by  transmission  electron  microscopy  (TEM)  and  new  geothermobarometric 
calculations  were  made  based  on  new  mineral  analyses  of  the  garnet  lherzolite  samples. 

Geothermobarometry:  Peak  metamorphic  conditions  and  a  retrograde  path  may  be 
determined  from  a  combination  of  geothermometers  and  -barometers  as  recommended  by  BREY 
&  KOHLER  [1990].  The  basic  assumption  is  the  possibility  to  recognize  and  define  frozen 
mineralequilibria.  In  case  of  equilibrium  aU  geothermobarometers  should  agree  within  their  error 
limits.  A  heating  or  cooling  history  should  be  reflected  in  systematic  deviations  corresponding  to 
diflussion  rates  of  the  elements  involved.  Further  indications  may  come  from  the  Ca  /  Cr-ratios  in 
garnet  which  are  also  a  function  of  pressure  and  temperature  [BREY  1989,  habil.  TH  Darmstadt]. 

Our  new  calculations  gave  1 120-1 170°C  /  48-52  kbar  for  the  peak  metamorphic 
conditions.  Combinations  of  different  rim- composition  yield  a  range  of  650-750°C  and  15- 
25  kbar.  The  paths  of  Kd  calculated  from  mineral  cores  for  different  barometers  and 
thermometers  have  therefore  a  range  of  points  of  intersection  in  a  P,T  diagram  (see  Fig.  1). 
(PNG85)-  The  thermometers  after  BREY  &  KOHLER  [1990]  (Tbkn)  and  after  BREY  [1989] 
(Tbr89)  intersect  the  barometer  after  BREY  &  KOHLER  [1990]  (Pbkn)  and  after  NICKEL  & 
GREEN  [1985]  at  similar  conditions  and  give  the  lowest  temperatures.  The  Kd  for  the 
thermometer  after  O'NEILL  &  WOOD  [1979]  gives  the  highest  value.  The  O'NEILL  &  WOOD 
thermometer  is  based  on  the  Fe  /  Mg  exchange  between  coexisting  garnet  and  olivine  and  the  2- 
pyroxene  thermometers  on  the  exchange  of  the  enstatite- component  between  ortho-  and 
clinopyroxene.  All  other  Fe  /  Mg  thermometers  give  intermediate  temperatures.  Kd  s  for  the  rim 
compositions  show  the  reverse  i.e.  Kd  [O'NEILL  &  WOOD]  gives  the  lowest  temperatures. 

Such  deviations  may  be  the  result  of  an  unknown  zoning  of  Fe2+  /  Fe3+.  NIMIS  [1994]  have 
determined  Fe2+  /  Fe3+  in  cores  and  rims  of  diopside  from  Alpe  Arami  and  FETT  [1989]  for 
garnet  by  Mossbauer  spectroscopy.  This  leads  to  better  agreement  between  the  two-pyroxene 
thermometer  and  the  thermometer  by  KROGH  but  to  larger  discrepancies  for  To  NEILL  and 
Tharley- 

Disequilibrium  is  also  indicated  by  Ca  /  Cr-ratio  of  garnet. 

The  Ca  in  olivine  geothermobarometer  [KOHLER  &  BREY  1989]  may  be  used  to 
estimate  physical  conditions  of  the  last  stages  of  uplift  of  the  garnet  peridotite  body.  Olivines  have 
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30-40  ppm  Ca  in  the  cores  and  up  to  120  ppm  in  the  rims.  The  information  from  the  olivines  to¬ 
gether  with  the  above  calculations  indicate  a  P,T-path  as  shown  in  Fig.  2. 
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Fig.  1:  Kq's  calculated  from  mineral  cores  A  and  rims  B  for  different  barometers  and  thermometers,  -e-  P  BREY& 
KOHLER  1990,  T  BREY  &  KOHLER  1990,  T  KROGH  1984,-X-T  HARLEY  1981,  +  T  O’NEILL  & 
WOOD  1988,  T  Ca  in  orthopyroxene  BREY  1989 
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Fig.  2:  P,T,t,d-Diagram  for  the  uplift  history  of  the  garnet  peridotite  body  (P-peak  metamorphism,  R-rim 
composition  Fe/Mg,  L-Lepontin  Dome  metamorphism,  Xcappm-values  for  Ca  in  olivine,  ages  after  BECKER 
[1993]  and  GEBAUER  [1994],  dotted  area  represented  the  P,T-field  of  predominance  of  {Old}  [100]  glide  system 
in  olivine,  arrows  indicate  a  possible  path). 
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Transmission  electron  microscopy  (TEM):  The  investigations  on  micro  structures  were 
carried  out  with  a  Philips  CM  12  transmission  electron  microscope.  We  found  several  kinds  of 
exsolution  in  clinopyroxene  and  orthopyroxene.  The  exsolutions  were  mostly  amphibole 
(magnesio-homblende  to  tschermakite  in  orthopyroxene  and  edenite  to  pargasite  in 
clinopyroxene).  Antigorite  also  occurs  as  a  rare  exsolution  in  orthopyroxene.  The  lattice 
orientation  relationships  between  orthopyroxene  and  amphibole  are  (100)orthopyroxene  I 
(210)amphibole>  (0 1 0)orthopyroxene  I  (OlO)amphibole  (001  )orthopyroxene  (00 1  )amphibole-  F°r 
antigorite-orthopyroxene  the  lattice  orientation  relationship  is  (001)antlgOnte  S  0  00)orthopyroxene- 
These  exsolutions  of  H20-bearing  minerals  may  indicate  a  former  residence  of  hydroxyl  in  the 
upper  mantle. 

Our  analyses  of  glidesystems  in  olivineclasts  indicate  a  predominance  of  {Okl}  [100]  glide 
system.  A  similar  result  was  found  by  BUISKOOL  TOXOPEUS  [1977]  in  olivines  from  the  my- 
lonitic  rim  of  the  peridotite  body.  The  {Okl}  [100]  glide  system  in  the  olivineclasts  dominates, 
while  glide  systems  (100)[001],  { 1 10}[001]  and  {Okl} [100]  with  decreasing  abundance  occurs  in 
matrixolivines.  We  have  further  investigated  dislocations  in  different  olivine  generations  by  the 
decorating  method  of  KOHLSTEDT  et  al.  [1975].  A  estimation  of  P,T-conditions  for  de¬ 
formation  from  the  predominance  of  glide  systems  [CARTER  &  AVE  LALLEMANT  1970] 
yields  temperatures  of  500  to  700°C  for  the  clasts  and  is  probably  related  to  nappe  stacking.  Later 
deformations  are  restricted  to  the  mylonitic  rim  and  narrow  shear  zones  within  the  Iherzolite- 
body. 
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THE  PROTEROZOIC:  ITS  ROLE  IN  DIAMOND  PETROGENESIS  AND  THE 
EMPLACEMENT  OF  MANTLE  DERIVED  INTRUSIVES 


J.  W.  Bristow  ( CIGARD  Consulting  Services,  P  O  Box  1038,  Cresta,  South  Africa, 
2118) 


The  search  for  diamondiferous  intrusive  rocks  has  again  gained  momentum  in  the 
1990’s  with  new  finds  in  Canada,  renewed  interest  in  Africa  and  India,  increased 
activity  in  Australia  and  on  going  interest  in  countries  such  as  Brazil  and  Russia. 
Though  the  majority  of  diamond  mines  are  located  on  ancient  cratonic  blocks(>2500 
Ma),  a  large  number  of  diamondiferous  intrusives,  including  kimberlites  and 
lamproites,  are  found  in  off-craton  settings  underlain  by  younger  Proterozoic  rocks 

In  view  of  their  durability,  diamonds  may  be  found  in  many  settings,  particularly  in 
environments  where  sedimentological,  glacial  and  allied  processes  have  contributed 
to  their  presence  and  in  some  cases  the  ‘upgrading’  of  secondary  deposits.  These 
‘localities’  are  often  substantially  removed  both  in  time  and  space  from  likely  source 
areas.  Prospecting  commonly  focuses  on  such  diamond  bearing  areas  and  there  is 
also  a  tendency  to  turn  attention  to  often  associated  mantle  derived  rocks  as  the 
likely  source  of  these  diamonds. 

Diamond  bearing  kimberlites  and  lamproites  found  in  Proterozoic  basement  settings 
have  in  recent  years  attracted  considerable  exploration  interest  and  large  numbers 
have  been  found.  Examples  of  such  primary  intrusives  with  diamonds,  in  greater 
and  lesser  abundance’s,  include  the  following  for  predominantly  kimberlite  host 
rocks:  Fort  a  la  Corne  (Canada),  Upper  Michigan  Peninsula  and  State  Line  District 
(USA),  Rondonia,  Mato  Grosso  and  Minas  Gerais  (Brazil),  Ghana  (?)(West  Africa), 
Bushmanland  (South  Africa),  South  Australia,  Northern  Terroritories  and  the 
Kimberleys  (?)(Australia).  For  lamproites,  examples  include  Prairie  Creek  (USA), 
Kapamba  in  Zambia  (East  Africa),  Bobi/Sequela  in  the  Ivory  Coast  (West  Africa), 
Argyle  and  Ellendale  (Australia),  and  rocks  referred  to  as  lamproites  in  Southern 
China. 

Other  examples  no  doubt  exist  and  details  pertaining  to  the  exact  nature  of  the 
basement  and  tectonic  setting  of  some  of  these  examples  is  subject  to  debate  and 
uncertainty.  The  key  issue  however  is  that  these  and  other  localities  contain 
diamonds,  have  in  most  cases  been  or  are  the  focus  of  exploration  activity,  and  in 
some  cases  have  produced  diamonds  on  an  irregular  or  reasonably  sustainable 
basis.  Importantly  however,  with  the  exception  of  Argyle,  these  localities  host  no 
major  primary  mines,  and  their  overall  contribution  to  the  world  diamond  trade  in 
terms  of  value  is  relatively  small.  A  general  observation  is  that  diamonds  found  in 
such  localities  are  of  somewhat  poor  quality  and  grades  are  low,  though  there  are 
obvious  exceptions  to  this,  e.g.  Ellendale  -  high  quality,  low  grade,  and  Argyle  -  poor 
quality,  very  high  grade.  In  a  number  of  the  examples  listed  aoove  most  production 
is  from  alluvial  deposits  which  are  often  closely  associated  with  supposed  source 
rocks  e.g.  Brazil. 
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In  the  past  the  presence  of  localities  such  as  those  listed  above  was  explained  by 
recourse  to  special  tectonic  circdmstances,  e.g.  thrusting  of  Proterozoic  rocks  over 
Archean  basement  and  complex  mantle  plumbing  arrangements.  Though  the  former 
tectonic  arguments  may  apply  to  some  examples,  the  extent  and  number  of  these 
localities  warrants  detailed  analysis  and  explanation.  A  further  critical  point  is  that 
isotopic  studies  of  diamond  inclusions  point  to  a  wide  spectrum  of  Proterozoic 
diamond  formation  ages,  and  studies  of  diamond  inclusions  from  off-craton  sources, 
though  limited  in  number,  indicate  sampling  of  mantle  that  is  not  that  dissimilar  to 
that  reflected  by  diamond  inclusions  sourced  from  cratonic  settings. 

Considering  the  available  information  it  is  argued  that  kimberlites  found  in 
Proterozoic  basement  settings,  often  in  large  numbers  covering  extensive  areas 
(possibly  more  so  than  on  cratonic  domains)  are  diamondiferous  as  a  consequence 
of  the  sampling  of  underlying  mantle  source  rocks  that  contained  diamonds  and  that 
models  such  as  tectonic  overthrusting  need  not  apply.  A  further  implication  is  that 
the  Proterozoic  was  an  important  period  for  diamond  formation  in  the  earth’s  mantle, 
both  in  cratonic  and  adjacent  newly  formed  or  reworked  Proterozoic  terranes.  The 
exact  processes  of  diamond  formation  is  unclear  though  subduction  and  other 
processes  dissimilar  to  Archean  processes  were  probably  important. 

Proterozoic  mantle  'source  rocks  are  on'  the  basis  of  present  information  probably 
sparse  in  volume  and  poorly  developed  and  may  have  been  prone  to  considerably 
more  diamond  destruction  than  would  possibly  be  the  case  in  stable  cratonic 
settings.  Processes  such  as  magmatism  and  metasomatism  are  likely  to  have  been 
more  regular  and  prevalent  in  such  settings  thereby  effectively  destroying  part  of  the 
diamond  budget  that  may  have  formed  in  such  settings.  It  is  also  unlikely  that  stable 
mantle  domains  as  implied  below  Proterozoic  settings  would  have  been  resident  in 
the  diamond  stability  field  for  long  periods  of  time.  Consequently  opportunities  to 
form  diamonds  may  have  been  restricted,  and  the  opportunity  of  destroying 
diamonds  high. 

In  formulating  target  selection  and  exploration  programmes  for  diamonds  it  is 
important  to  fully  asses  the  tectonic  settings  and  their  potential  yield  in  terms  of 
diamondiferous  source  rocks.  Primary  diamondiferous  rocks  are  found  in  cratonic 
and  Proterozoic  settings,  though  an  overriding  fact  is  that  all  currently  active  large 
and  small  diamond  mines  are,  with  the  exception  of  Argyle,  are  located  on  cratons 
with  basement  older  than  2500  Ma.  Many  diamonds  were  however  formed  by 
Proterozoic  processes,  and  Proterozoic  (and  younger)  orogenic  events  probably 
played  a  key  role  in  the  emplacement  of  mantle  derived  rocks,  including  those 
carrying  diamonds. 
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CLINOPYROXENE  MEGACRYSTS  FROM  THE  KALKPUT  KIMBERLITE  :  A  GROUP  2 
KIMBERLITE  FROM  THE  PRIESKA  GROUP  OF  KIMBERLITES. 


de  Bruin1, D. 

1.  Geological  Survey  of  South  Africa,  Private  Bag  X  112,  Pretoria,  South  Africa,  0001. 

The  Kalkput  kimberlite  is  one  of  130  known  kimberlites  occurring  along  the  south-western 
border  of  the  Kaapvaal  craton  (Skinner  et  al.  1993).  It  occurs  with  a  number  of  other  group  2 
kimberlites  in  a  tectonic  area  bounded  by  the  Doornberg  and  Brakbos  faults.  Although  these 
kimberlites  were  found  to  be  essentialy  group  2  kimberlites,  Skinner  et  al.  (1993)  found  that  a 
number  display  petrographic  features  normally  associated  with  Group  1  kimberlites  and/or  olivine 
lamproites. 

The  presence  of  megacrysts  in  Group  2  kimberlites  has  only  recently  been  described  (Daniels 
and  Gurney  1989).  It  was  previously  thought  that  megacrysts  were  exclusively  confined  to  Group  1 
kimberlites.  Garnet  megacrysts  have  since  been  described  from  a  number  of  Group  2  kimberlite 
localities  eg.  Loxton,  Southern  Fissures,  Excelsior,  Monteleo  and  Phoenix  Blow  (Moore  and  Gurney, 
1991),  Lace  (C.B.  Smith  pers.  com.)  while  single  examples  of  clinopyroxene  megacrysts  have  been 
studied  from  Lace  (C.B.  Smith  pers.  com.).  The  abundance  of  clinopyroxene  megacrysts  at  Kalkput  is 
currently  unique  in  a  Group  2  kimberlite. 

Megacrysts  of  clinopyroxene  and  macrocrysts  of  clinopyroxene,  ilmenite  and  garnet  were 
collected  and  analysed  from  Kalkput  in  this  study.  The  presence  of  garnet  megacrysts  reported  by 
Skinner  (1989)  at  this  locality  could  not  be  confirmed  despite  the  analysis  of  in  excess  of  100  garnet 
xenocrysts. 

The  clinopyroxene  megacrysts  at  Kalkput  show  an  unusually  large  compositional  range  in 
100Mg/(Mg+Fe)  (Mg#)  from  90  to  60.  Two  subgroups  can  be  distinguished  namely  subcalcic 
diopside  (SCD)  and  augite  groups.  The  SCD  shows  linear  decreasing  Mg#  and  Cr203  (Figures  1  and 
2)  and  increasing  Ti02  and  Na20  with  increasing  100Ca/(Ca  +  Mg)  (Ca#)  similar  to  megacryst  suites 
from  other  localities.  Ti02  increases  continuously  with  Ca#  which  would  indicate  that  ilmenite  was 
not  a  significant  crystallising  phase  with  the  SCD.  A  compositional  gap  exists  between  the  SCD  and 
the  augite  subgroups  between  Ca#  46.5  and  49.5.  The  augites  do  not  contain  detectable  Cr203  and 
generally  form  an  extension  to  the  SCD  trend  with  lower  Mg#  and  higher  Ti02  and  Na20. 

Limited  data  for  clinopyroxene  megacrysts  from  Lace  (C.B.  Smith  pers.  com.)  shows  an 
overlap  with  the  compositional  spread  from  Kalkput  which  indicates  that  the  trend  observed  at 
Kalkput  could  be  a  general  feature  of  Group  2  kimberlites.  The  large  compositional  spread  in  terms 
of  Mg#  found  at  Kalkput  is  unrivalled  amongst  clinopyroxene  megacrysts  from  Group  1  kimberlites. 
The  only  known  locality  where  clinopyroxene  megacrysts  show  a  similarly  large  compositional  spread 
is  from  the  alnoite  in  Malaita.  Figures  1  and  2  show  comparisons  between  the  compositional 
variations  of  clinopyroxene  megacrysts  at  Monastery  (Jakob  1977),  Malaita  (Nixon  and  Boyd  1979; 
Delany  et  al.  1979)  and  Kalkput.  Relative  to  Malaita  the  Kalkput  trend  is  displaced  to  higher  Ca#  at 
equivalent  Mg#  and  Cr203. 

This  study  shows  that  clinopyroxene  megacrysts  from  a  Group  2  kimberlite  display  systematic 
compositional  variations  that  imply  its  formation  by  igneous  fractionation  processes.  The  broad 
similarity  between  clinopyroxene  megacryst  compositional  trends  from  Group  1,  Group  2  and  alkali 
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basalts  could  be  an  indication  that  similar  igneous  processes  have  operated  during  or  preceding  the 
formation  and  emplacement  of  these  magmas. 
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FIGURE  1  :  Ca#  vs  Mg#  for  clinopyroxene  megacrysts  from  Kalkput.  The  compositional 
spread  for  clinopyroxene  megacrysts  from  Monastery  (solid  line)  (data  from  Jakob  1977)  and 
Malaita  (broken  line)  (data  from  Nixon  and  Boyd  1979;  Delany  et  al.  1979)  are  shown. 
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FIGURE  2  :  Ca#  vs  Cr203  for  clinopyroxene  megacrysts  from  Kalkput.  The  compositional 
spread  for  clinopyroxene  megacrysts  from  Monastery  (solid  line)  (data  from  Jakob  1977)  and 
Malaita  (broken  line)  (data  from  Nixon  and  Boyd  1979;  Delany  et  al.  1979)  are  shown. 
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THE  ORIGIN  OF  COMPLEX  "AGATE"  TEXTURES  IN  OCTAHEDRAL  DIAMONDS 
FROM  KIMBERLITES. 

Bulanova1,  Galina  P.  and  Griffin2,  Brendon  J. 

^IGS,  Russian  Academy  of  Sciences,  39  Lenin  Av.,  Yakutsk,  Sakha,  Russia 
Centre  for  Microscopy  and  Microanalysis,  University  of  Western  Australia,  Nedlands, 
Australia  6907. 

Introduction 

The  investigations  of  internal  structures  of  octahedral  macrodiamonds  from  kimberlites 
has  shown  the  predomination  of  octahedral  zonation  and  a  tangential  growth  mechanism. 
Zoned,  sectorial  structures,  resulting  from  mixed  growth  mechanisms  are  also  occasionally 
present  in  the  earliest  stages  of  the  diamond  formation.  More  rarely,  the  internal  zonation  of 
diamonds  may  exhibit  two  other  forms:  rounded  or  "agate"  like.  The  nature  and  mechanism  of 
growth  of  the  "agate"  texture  are  uncertain.  Rounded  zones  are  considered  to  be  either  the 
result  of  growth  during  the  change  from  a  tangential  growth  mechanism  to  an  abnormal  one 
(Martovitsky  et  al,  1977),  or  caused  by  numerous  slight  change  of  conditions  of  resorption  and 
regrowth  (Varshavsky,  1968;  Genshaft  et  al.  1977). 

The  very  rare  "agate”  -  like  structure  of  diamonds  first  revealed  by  Seal  (1965)  was 
described  by  Orlov  (1977)  as  epigenetic,  having  a  post- growth  nature.  Zezin  et  al  (1992)  have 
suggested  that  this  texture  is  a  result  of  a  similar  mechanism  to  that  forming  agate  secretions, 
with  growth  from  the  periphery  to  the  center  of  the  octahedral  diamond.  The  aim  of  this  work 
is  to  describe  two  examples  of  of  these  rare  complicated  rounded  and  "agate”  textures  present  in 
Yakutian  macrodiamonds  and  evaluate  the  proposed  origins. 

Samples  and  analytical  methods 

The  two  unusual  macrodiamonds  described  here  are  from  the  late  Devonian  Mir  and  the 
Aikhal  pipes  in  Yakutia.  The  stones  were  sequentially  sawn  along  the  (110)  plane  to  provide 
serial  plates  from  each  diamond.  They  were  polished  to  reveal  the  inclusions  and  internal 
structure.  The  internal  morphology  of  the  diamonds  was  studied  by  birefringence  (BR), 
photoluminescence  (PL)  and  cathodoluminescence  (CL).  Our  experience  of  CL  imaging  has 
shown  that  for  correct  interpretation  it  is  necessary  to  have  a  true  central  section  of  the  crystals. 
For  complex  structures  (neither  uniform  nor  isometric)  it  is  important  to  have  serial  sections  of 
the  crystal  to  evaluate  their  three  dimensional  nature. 

The  nitrogen  content  and  degree  of  aggregation  have  been  investigated  by  FT-IR  micro¬ 
spectroscopy;  the  inclusion  compositions  were  measured  by  electron  microprobe  and  the  trace 
element  compositions  of  the  sulfide  inclusions  were  obtained  by  proton  microprobe. 

Results 

The  peridotitic  diamond  #2016  (Aikhal)  has  a  rounded  octahedral  shape  and  is 
extremely  elongated  on  the  L2  axis.  It  has  a  very  complex  internal  morphology,  indicative  of  a 
complicated  growth  history.  Near  the  rim  of  die  diamond,  inclusions  of  olivine  and  Mss  have 
been  identified  (Fe=40.02;Ni=21.73;  S=37.1;  total  98.85wt%.  Se=205;  Mo=173;  Te=29; 
Ru=55;  Pd=31ppm) 

At  low  magnification  the  internal  structure,  at  first,  appears  to  be  a  classical  case  of 
zonation,  common  to  minerals  grown  from  hydrothermal  solution  and  very  similar  to  those 
interpreted  by  Zezin  et  al.  (1992)  to  represent  rim  to  core,  cavity  fill  growth.  Three  growth 
stages  are  recognisable  from  examination  of  the  plates:  (i)  initial  growth  at  two  centers;  forming 
an  octahedron  (bluePL)  and  an  intergrowth  of  two  finely  layered  cubooctahedrons  (yellow  PL), 
(ii)  a  complex  rounded  overgrowth  associated  with  slight  resorption,  and  (iii)  a  final  octahedral 
growth  stage  followed  by  further  resorption. 
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The  initial  cubooctahedral  intergrowth  consists  of  up  to  14  growth  sectors.  A  very  fine 
concentric  zoning  is  present  in  these  sectors.  At  high  magnification,  different  growth 
mechanisms  are  evident  for  the  octahedral  (massive  layer  by  layer)  and  cubic  (fibrous)  zones, 
as  a  result  of  crystallographic  control.  The  texture  of  the  cubic  zones  is  very  similar  to  the 
spherocrystalline  texture,  first  described  in  diamond  by  Martovitsky  (1980).  The  first  true 
monocrystalline  zone  seeded  on  the  initial  octahedron  and  cubooctahedral  intergrowths,  has  a 
very  complicated  rounded  shape  which  developed  then  into  an  elongate  octahedral  form.  The 
elongation  of  this  crystal  is  a  consequence  of  the  alignment  of  the  initial  growth  centers  creating 
an  elongate  seed  for  the  later  octahedral  growth. 

An  unusual  feature  of  this  crystal  is  the  presence  of  evidence  of  intense  and  perhaps 
multiple  deformation.  In  the  central  zone,  the  fibrous  cubic  zones  are  obliquely  disrupted  by 
orthogonal  conjugate  sets  of  fine  fractures,  the  fractures  being  filled  by  diamond  of  contrasting 
CL.  These  fractures  are  often  sigmoidal  in  section  and,  across  one  intense  yellow  (CL)  band 
are  strongly  refracted.  These  deformation  effects  are  strongly  controlled  by  the  sectorial  zoning 
with  the  massive,  zoned  octahedral  sectors  apparently  unaffected.  Despite  the  disruption  of  the 
fibrous  cubic  zones  the  primary  growth  zoning,  seen  as  variable  thickness  pale  and  more 
intense  green/yellow  CL  bands,  is  still  traceable  across  the  various  sectors.  Small  offsets  are 
evident  along  the  boundaries  of  some  sectors.  Within  other  areas  of  the  early  cuboctahedral 
diamond,  fibrous  diamond  is  highly  disrupted  with  some  classical  pull-apart  and  "feather-like" 
structures,  again  filled  by  diamond  of  contrasting  CL.  In  the  outer  monocrystalline  octahedral 
overgrowth,  deformation  lamellae  overprint  the  primary  growth  zoning.  These  deformatipn 
features  have  two  visible  forms;  as  variations  in  blue  CL  intensity  in  the  first  overgrowth  region 
giving  an  elongate  tabulated  appearance  and  as  the  more  usual  fine  yellow/ green  lamellae  in  the 
outer  overgrowth  region. 

FT-IR  measurements  have  been  made  from  each  of  the  principal  CL  colour  and  textural 
variations  within  the  central  diamond  plate  and  processed  following  the  methods  of  Taylor  et  al. 
(1991).  All  spectra  are  predominantly  laA  with  only  minor  (4-10%)  laB.  Nitrogen  is  low  but 
variations  generally  correlate  well  with  the  recognised  growth  history.  The  initial  cuboctahedral 
diamond  has  a  nitrogen  content  around  60  ppm  and  the  later  octahedral  zones  contain  12-24 
ppm  nitrogen,  excepting  two  rim  measurements  at  61  and  90  ppm.  Relative  hydrogen  content 
is  very  distinct  with  moderate  values  in  the  cuboctahedral  diamond  and  uniformly  very  low 
values  in  the  later  octahedral  diamond.  Assuming  mantle  residence  around  2.9  Ga,  the  mean 
temperature  is  1160+/- 17  deg.C  for  the  16  analyses. 

The  eclogitic  diamond  #1584  (Mir)  is  a  colorless  octahedron,  elongated  on  L2  ,  with 
polycentrically  growth  layers,  a  blue  color  of  PL  and  numerous  sulfide  inclusions.  The  very 
first  section  (not  central)  revealed  an  asymmetrical  agate-like  rounded  zo nation.  A  CL  study  of 
three  plates  made  from  this  diamond  has  provided  a  three  dimensional  picture  of  its  structure. 
The  history  of  its  growth  is:  (i)  initially  two  centers  of  nucleation  (fine-grained  aggregate  and 
broken  octahedron),  (ii)  a  rounded  zone  (oscillatory),  and  finally  (iii)  sharp  edged  octahedral 
growth.  The  external  shape  of  a  sharp  edged  octahedron  elongated  on  the  L2  axis  of  this 
diamond  again  results  from  nucleation  on  an  elongate  seed.  The  central  part  of  monocrystal 
was  formed  by  a  mixed  growth  mechanism  ,  and  the  periphery  by  a  tangential  growth 
mechanism.  FT-IR  spectra  exhibit  the  laA  nitrogen  defects+small  platelets  peak+hydrogen  in 
the  central  zone.  The  rim  zone  does  not  contain  hydrogen  and  has  laA  +  small  content  of  laB 
and  platelets  defects.  Syngenetic  inclusions  of  omphacite,  coesite  and  sulfides  were  identified 
in  the  intermediate  and  peripheral  zones  of  diamond.  Thus  the  diamond  belongs  to  the  coesite 
eclogite  paragenesis.  A  few  inclusions  of  calcite  were  also  found  in  the  rounded  intermediate 
zone. 
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Summary  and  conclusions 

Rounded  zonation  and  agate-like  textures  in  diamonds  may  develop  in  multicentered 
octahedral  crystals  under  specific  growth  conditions.  After  initial  growth  from  two  or  three 
closely  located  points,  the  aggregated  or  twinned  centers  provide  a  complexly  shaped  seed  for 
subsequent  monocrystalline  octahedral  growth.  The  mechanism  of  growth  of  the  rounded 
zones  is  fine  fibrous  or  mixed  (tangential  +  fibrous),  and  may  be  in  response  to  a  progression 
towards  a  more  viscous  and  carbon-supersaturated  environment  and  away  from  equilibrium 
conditions  where  diamonds  crystallise  by  a  tangential  growth  mechanism.  Such  environments 
might  be  eclogitic  or  lhertzolitic  melt  (fluid). 

Deformation  at  high  temperature  of  such  diamonds  may  result  in  an  enhancement  of  the 
"agate-like”  nature  as,  from  the  features  present  within  the  #2016  diamond,  the  octahedral  and 
cubic  sectors  appear  to  differ  in  competency.  Also,  non-central  sections  of  such  crystals  with 
complex  rounded  zonation  may  show  an  agate-like  texture.  No  evidence  has  been  found  to 
support  or  require  a  rim  to  core,  cavity-fill  growth  mechanism. 
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Introduction.  The  internal  inhomogeniety  of  diamonds  and  its  xenogenetic  nature  in  the 
kimberlites  is  the  reason  to  use  their  integrated  study.  The  aim  of  this  article  is  to  constrain  the 
conditions  of  diamond  origin,  based  on  the  complete  genetic  information  recorded  by  their  single 
crystals  during  the  formation. 

A  selection  of  samples  was  done  from  several  thousands  of  macrodiamonds  of  Mir,  23d.  Party 
Congress  and  Udachnaya  kimberlitic  pipes,  all  of  which  have  a  late  Devonian  age  (Davis,  1977). 
Diamonds  of  the  peridotitic  and  eclogitic  affinities  of  octahedral  external  shape  mainly  were 
selected  on  the  basis  of  their  syngenetic  mineral  inclusions  and  the  different  types  of  internal 
structure.  90  of  them  were  sawn  on  the  (1 10)  plane  to  reveal  the  internal  morphology  and 
inclusions  location.  The  internal  morphology  of  diamonds  was  studied  by  imaging  of 
photoluminescence  (PL)  and  cathodoluminescence  (CL)  of  their  central  plates.  The  distribution  of 
hydrogen  (H)  and  nitrogen  (N)  in  the  diamond  zones  have  been  studied  by  IR  microspectroscopy. 
The  major  element  composition  of  syngenetic  inclusions  was  measured  by  electron  microprobe. 

Data.  According  to  the  studied  features  diamonds  were  divided  into  the  three  genetic  groups: 

7.  Diamonds  of  simple  octahedral  zonatioru  About  70%  of  octahedral  peridotitic  and  eclogitic 
diamonds  revealed  an  octahedral  internal  zoning  also  (Bulanova,  1994).  They  are  divided  into: 

a) .  Homogeneous  (single-  stage  growth!.  Peridotitic  diamonds  of  this  group  consist  of  a  very 
regular  flat  octahedral  zones  without  features  of  resorption,  except  at  the  rim  zones.  They 
exhibited  few  features  of  plastic  deformation.  Eclogitic  diamonds  show  a  features  of  a  slight 
dissolution  during  the  initial  stages  of  the  formation  only,  and  do  not  revealed  any  deformation 
features.  Most  of  these  diamonds  exhibit  blue  PL  or  none  at  all.  Their  nitrogen  content  is 
generally  low  and  1  aA- 1  aB  aggregation  is  usually  slight  (<30%),  and  decreases  toward  the  rim. 

The  composition  of  inclusions  (Chr  and  Ol  in  peridotitic  stones  and  Cpx  and  Sf  in  eclogitic  stones) 
does  not  change  in  the  different  zones,  indicating,  that  local  chemistry  did  not  change  during  the 
growth. 

b) .  Heterogeneous  (2  or  3  stages  of  growth!  This  group  also  shows  an  octahedral  zoning,  but  the 
PL  color  of  their  central  zones  (yellow  or  blue)  is  different  from  the  color  of  the  subsequent  growth 
zones  (blue  or  no  PL,  respectively).  A  small  degree  of  resorption  is  observed  in  the  eclogitic 
diamonds  and  peridotitic  diamonds  show  the  features  of  plastic  deformation.  The  major  zones  are 
often  separated  by  very  thin  zones,  which  are  dark  in  CL,  being  nitrogen  free,  as  IR  data  show. 
Two  stones  typical  of  peridotitic  and  eclogitic  suits  are  considered  in  detail  by  Taylor  et  al.  (1995). 
Both  exhibit  a  central  zone  which  contains  some  H,  and  where  IR  aggregation  is  complete  for 
relatively  high  nitrogen  content.  In  some  peridotitic  diamonds  hydrogen  is  located  in  the  areas  of 
small  inclusions  (phlogopite,  for  example). 

The  compositional  change  between  chromites  of  different  location,  within  the  single  diamonds  is: 
Mg  Fe^+^Fe^+Cr,  during  the  time  of  diamond  growth,  whilst  the  T  of  the  diamonds  formation 
decreases  from  1260  to  950°C.  The  evolution  of  chemistry  of  Cpx  inclusions  from  the  eclogitic 
diamonds  is  expressed  by  the  small  increasing  of  Mg#  and  decreasing  of  Ca/Ca+Mg*  potassium 
content  and  jadeite  component  from  central  inclusions  to  those  from  rim.  Small  decrease  of  T 
(  1250-1 190°C)  during  the  growth  of  the  eclogitic  diamond  was  identified  ( Bulanova,  1994). 

2  Diamonds  exhibiting  complex  zonation  and  a  change  of  habit  are  less  common  for  both 
paragenetic  groups  of  octahedral  diamonds.  There  are  two  principal  types: 
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a) .  Habit  change  induced  bv  mixed  and  tangential  growth  mechanism.  For  peridotitic  diamonds  of 
this  type  there  were  identified  the  internal  structures:  Cubo-octa.  shape  ( "central  cross"  structure) 
-»octa;  Rounded  — >  octa.;  and  one  case  of  Cube  — >  octa.  For  eclogitic  ones  there  were  revealed: 
Cube  — ►  rounded  ->  rough-layered  octa.— ►  smooth-layered  octa.,  and  very  rare  type:  Cubo-octa 
shape  octahedron.  The  PL  color  of  the  very  small  central  zones  is  always  yellow,  and  the 
remainder  of  it  has  a  blue  PL.  Slight  dissolution  features  are  found  during  the  intermediate  stage 
of  formation  of  eclogitic  stones  and  on  the  peripheral  stage  of  peridotitic  diamonds.  Plastic 
deformation  features  were  revealed  in  peridotitic  diamonds  only.  The  IR  data  of  peridotitic 
diamonds  with  central  cross  structure  exhibited  hydrogen  located  in  the  cubic  sectors  and  slightly 
aggregated  nitrogen  located  in  the  associated  octahedral  sectors.  The  typical  eclogitic  diamond 
shows:  1  a  A  nitrogen  defects,  platelets  and  H  in  the  central  cubic  zone;  laA,  laB  and  platelets  in 
the  rounded  intermediate  zone;  1  aA  and  platelets  peak  in  the  peripheral  zone.  Thus  hydrogen  is 
concentrated  in  the  cubic  and  rounded  zones. 

The  difference  between  chromites  of  different  locations  within  the  individual  diamonds  is 
expressed  by  the  decrease  of  Mg/Mg+Fe^  and  the  increase  of  Cr/Cr+Al,  accompanied  by  small 
decrease  in  temperature  during  diamonds  growth  (Bulanova  et  al,  1993). 

b) .  Habit  changes  and  the  occurrence  of  different  growth  mechanism  A  few  eclogitic  diamonds 
revealed  the  internal  morphology:  Complicated  uncertain  shape  (fine  grained  aggregate?)  -> 
rounded  (hummocky)  ->  rough-layered  octahedron  ->  smooth-faced  octahedron.  The  diamonds 
show  intermediate  rounded  zones  whose  shape  is  determined  by  the  geometry  of  seed  zone.  The 
fine  grained  and  rounded  zones  were  grown  by  the  fibrous  mechanism,  and  the  octahedral  ones  by 
the  tangential  m  echanism  of  growth.  The  PL  color  of  these  diamonds  is  blue,  but  rounded  zones 
contain  a  yellow-green  component.  Slight  features  of  resorption  without  any  features  of  plastic 
deformation  were  found  there.  IR  study  of  the  diamonds  exhibited  the  1  aA  defects,  small  platelets 
peak  and  hydrogen  in  the  central  rounded  zones.  The  rims  zones  show  1  aA  and  small  content  of 

1  aB  defects  and  platelets. 

These  diamonds  contain  numerous  sulfide  inclusions  and  two  of  them  belong  to  the  coesitic 
eclogites.  The  assemblage  of  inclusions  have  been  identified:  Cpx+Gar+Sf+Cs-bwmelt"  inclusions. 
The  microinclusions  of  melt  composition  were  found  in  the  diamonds  on  the  boundary  of  the 
rounded  and  octahedral  zones.  They  are  presented  by  polymineralic  inclusions  :  Bt+Po+Ca(with 
2wt.%  of  K)  and  Sa-fAmf+Po  or  by  the  homogeneous  N a-K-C a-Mg-F e-T i- Al  -Si  composition.  In 
one  diamond  the  inclusion  of  calcite  was  identified,  being  enriched  by  Rb,  Sr,  Y,  Zr,  Nb,  Ba,  La, 

Ce  and  Th  and  therefore  being  very  close  to  the  carbonatitic  melt 

A  few  studied  coated  octahedral  diamonds  grown  by  tangential  and  then  by  fibrous  mechanism 
were  also  of  eclogitic  affinity,  as  was  shown  earlier  (  Bulanova  et  al,  1993). 

3.  Multistage  formed  diamonds  during  the  change  of  conditions,  mdudsng  etching  or  breakage  in  the 
consolidated  rock  and  regrowth.  A  few  peridotitic  diamonds  exhibited  the  following  history  of 
formation:  Octa.  4-  resorption-^  Rounded-^  Octahedron-*  Cubo-octa+etching— *  Octa.  and 
Cubo-octa. ->  Octa-fbreakage  or  selective  resorption  -»Octa.  4-resorption.  Thus,  one  group  of 
peridotitic  diamonds  went  through  a  very  complicated  history  of  formation.  Octahedral  zones  of 
the  diamonds  have  blue  PI,  whilst  cubic  sectors  show  the  yellow.  No  features  of  plastic 
deformation  were  found  in  the  diamonds.  The  IR  of  the  diamond  getting  throw  the  breakage  is 
described  by  Taylor  et  al  (1995).  The  diamond  had  at  least  three  stages  of  formation.  The  proton- 
microprobe  analysis  of  sulfide  inclusions  show  a  progressive  change  in  PGE  patterns  of  the  sulfide 
from  core  to  rim  of  the  diamond,  which  indicates  that  the  environment  changed  very 
slowly  during  the  growth.  On  the  other  hand,  the  Pb  isotopic  composition  of  the  sulfide  inclusions 
changes  from  zone  to  zone  (Rudnick  et  al,  1993).  The  combination  of  trace-element 
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and  isotopic  data  suggests  that  a  high-U/Pb  fluid  caused  the  resorption  of  the  diamond  at  the 
intermediate  stages,  but  that  it  continued  to  grow  in  the  same  chemical  environment  after  the 
resorption.  The  sulfide  inclusions  near  the  rim  have  a  Pb-isotope  compositions  suggesting  that 
they  were  affected  by  fluids  from  the  kimberlites  at  the  time  of  eruption. 

Conclusions.  Peridotitic  diamonds  having  simple  octahedral  zonation  and  complex  zoning  were 
grown  by  tangential  mechanizm  of  growth  in  an  unconstrained  environments  from  sulfide-silicate 
melt  or  fluid  of  low  degree  of  carbon  supersaturation.  The  change  of  composition  of  syngenetic 
minerals  show  the  chemical  evolution  into  the  more  refractory  composition  and  less  oxidized 
conditions,  accompanied  by  a  slight  decrease  of  temperature.  This  melt  (fluid)  was  less  viscosious, 
then  the  one,  from  which  eclogitic  diamonds  were  formed.  Peridotitic  diamonds  didn't  suffer 
significant  resorption  during  their  formation,  but  did  undergo  a  dissolution  on  the  final  stages  or 
after  the  growth  was  completed  transforming  them  into  dodecahedrons.  A  common  feature  of  the 
peridotitic  diamonds  is  plastic  deformation,  which  may  be  the  result  of  such  common  events  as 
cataclasis  of  the  deformed  peridotites.  Hydrogen  is  confined  to  the  well  aggregated  octahedral 
cores,  cuboid  sectors  of  the  "central  cross"  structures  or  the  neighborhood  of  mineral  inclusions. 
Multistage  octahedral  peridotitic  diamonds  exhibiting  a  complicated  history  of  formation,  were 
grown  in  the  liquid  environment  first.  They  underwent  a  high  degree  of  resorption,  etching  or 
breakage  in  consolidated  rock,  followed  by  regrowth  again.  Nevertheless  even  in  these  diamonds 
there  were  little  change  in  chemistry  for  the  main  elements  of  syngenetic  inclusions. 

Eclogitic  diamonds,  having  simple  octahedral  and  complex  zoning  were  also  grown  in  the  liquid 
environments,  but  further  from  equilibrium  conditions.  They  were  slightly  resorbed  at  various 
stages  of  formation,  but  not  after  the  growth  was  completed.  Growth  in  viscous  and 
supersaturated  by  carbon  environments  more  often  produced  cubic,  intergrowth  and  very 
complicate  (fine  grained  aggregates?)  initial  shapes  of  growth  in  the  eclogitic  diamonds.  Plastic 
deformation  is  very  rare  in  eclogitic  diamonds.  The  change  of  Cpx  and  Gar  compositions  and 
small  dropping  of  PT  parameters  during  the  eclogitic  diamonds  growth  suspect  their  magmatic 
origin.  Hydrogen  in  the  eclogitic  diamonds  is  located  in  the  central  cubic  and  rounded 
intermediate  zones,  as  a  structural  impurity.  The  eclogitic  chemistry  of  inclusions  in  the  cores  of 
coated  diamonds  suggests  that  coats  only  formed  on  eclogitic  stones. 

Our  data  evidenced  the  similarity  of  typomorphic  features  of  peridotitic  and  eclogitic  diamonds 
from  kimberlites  and  those  from  mantle  peridotites  and  eclogites  (Beskrovanov  et  al,  1 993). 
Diamonds  in  the  kimberlitic  rocks  have  poligenetic  nature.  Diamonds  were  originated  during 
Precambrian  igneous  events  in  the  peridotitic  and  eclogitic  rocks,  which  make  up  the  lithospheric 
upper  mantle  beneath  the  continents.  The  difference  of  diamonds  from  Yukutian  kimberlites  may 
be  explained  by  different  proportions  of  eclogitic  and  peridotitic  stones  in  the  pipes. 
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The  partial  melting  behaviour  of  spinel  peridotites.has  been  investigated  in  a  number  of 
experimental  studies  to  explain  the  origin  of  mid  ocean  ridge  basalts  (MORB).  One  class  of 
experiments  is  concerned  with  the  direct  determination  of  melt  compositions  from  partial 
melting  of  peridotite  whereby  Jaques  and  Green  (1980)  utilized  constraints  from  mass 
balance  calculations  and  Hirose  and  Kushiro  (1993)  and  Baker  and  Stolper  (1994)  trapped 
the  melts  in  the  pore  space  of  diamond  powder.  The  second  class  uses  the  sandwich  method 
(Stolper,  1980;  Takahashi  and  Kushiro,  1983;  Fuji  and  Scarfe,  1985;  Falloon  and  Green, 
1987,  1988)  where  quenching  problems  are  avoided.  The  differences  in  obtained  melt 
compositions  may  be  related  either  to  equilibrium  problems,  to  differences  in  bulk  chemical 
composition  or  to  specific  details  of  the  methods  used.  Melt  composition  in  sandwich 
experiments  significantly  depends  on  the  composition  and  amount  of  the  basalt  added  to 
peridotite. 

Our  experimental  approach  combines  advantages  of  the  sandwich  and  direct  partial  melting 
methods  by  modal  redistribution  of  spinel  lherzolite  minerals  within  a  sample  volume 
(Bulatov  et  al.,  1991).  Minerals  (ol,  opx,  cpx,  sp)  from  two  different  spinel  lherzolite 
xenoliths  from  Mongolia  (79/1  and  ShT-1  -  Seek  et  al.,  1986)  were  separated,  acid  leached 
and  milled  to  less  than  20  pm  grainsize.  These  separates  were  recombined  and  pressed  into 
a  disk  consisting  of  clinopyroxene  and  spinel  alone  and  two  cylinders  made  from  olivine, 
orthopyroxene  and  the  remaining  cpx  and  sp.  The  cpx-sp  disc  was  placed  into  a  cylindrical 
hole  in  one  of  the  cylinders  and  the  sandwich  into  a  graphite  capsule  which  was  welded  into 
a  Pt-capsule.  The  bulk  composition  was  that  of  the  original  lherzolite  as  was  the  cpx/sp 
ratio  in  disc  and  cylinders.  This  method  allowed  us  to  obtain  large  homogeneous  melt  pools 
in  the  central  part  of  the  sample  without  chemical  modification  of  the  system. 

The  experiments  were  carried  out  in  a  graphite  -  CaF2  furnace  assembly  (Bulatov  1989)  in  a 
Vi  “  piston-cylinder  apparatus.  The  equilibrium  melt  compositions  were  determined  by 
electron  microprobe  analysis  with  a  defocused  beam  of  quenched  glass  discs  from  the 
central  part  of  the  melt  pool.  Normally,  5  -6  points  were  analysed  and  the  1  a  standard 
deviation  was  1  %  (rel.)  for  Si02,  2  -  3  %  for  A1203,  MgO,  FeO  and  CaO  and  0.1  %  for 
Na20,  Cr203  and  Ti02. 

At  the  initial  stages  of  melting  close  to  the  solidus  we  did  not  obtain  coherent  melt  layers 
but  melt  pools  both  in  the  centre  and  the  outer  parts  of  the  sample.  Pools  with  more  than 
30  pm  size  were  analysed.  When  melt  pools  were  even  smaller  we  calculated  the  melt 
composition  in  from  the  temperature  dependence  of  Si02,  A1203  and  FeO  according  to  the 
expression  1/T  =  A  +  B  In  c.  A  and  B  as  are  constants  which  were  obtained  from  higher 
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temperature  experiments  by  least  square  methods  for  each  pressure  an  c  the  concentration 
of  the  element  under  consideration.  MgO  contents  were  calculated  on  the  basis  of  the  FeO 
contents,  the  composition  of  the  measured  olivine  and  the  KDoi/LFe/Mg  after  Takahashi  and 
Kushiro  (1983).  CaO,  Na20,  Cr2C>3  and  Ti02  were  calculated  from  mass  balance  equations. 

The  results  for  the  slightly  depleted  starting  composition  79/1  are  shown  in  Fig.  1.  Si02, 
MgO  and  FeO  contents  of  the  melts  decrease  with  pressure  and  increase  with  temperature. 
A1203,  CaO  and  Na20  increase  with  pressure  and  decrease  with  temperature  at  conditions 
above  the  stability  of  cpx.  CaO  contents  are  at  a  maximum  where  cpx  disappears.  The  melts 
from  the  more  fertile  composition  ShT-1  are  slightly  lower  in  Al203  at  a  given  P  and  T 
(higher  degrees  of  partial  melting)  and  higher  in  CaO  and  Na20  when  cpx  has  disappeared. 
From  our  work  we  obtain  a  melting  equation  at  10  kb  as  follows: 

0.48  opx  +  0.73  cpx  +  0.15  sp  =  0.36  ol  +  1  L 

The  coefficients  for  cpx  and  sp  are  very  similar  to  those  given  by  Baker  and  Stolper  (1994) 
and  also  Kinzler  and  Grove  (1992)  whereas  our  coefficient  for  opx  and  ol  appear  somewhat 
higher. 

The  mg  number  of  primitive  MORBs  is  always  lower  than  that  of  the  melts  from  the  partial 
melting  experiments,  indicating  that.MORBs  with  8-10  wt%  MgO  could  not  be  produced 
by  the  direct  melting  of  mantle  peridotites.  However,  the  addition  of  10-20  wt%  olivine  to 
the  primitive  MORBs  results  in  the  compositions  essentially  identical  to  the  glasses  from  our 
experiments  at  13-20  kbar  near  the  boundary  of  clinopyroxene  disapperence  from  the  solid 
residua.  They  contain  13-17  wt%  MgO  and  may  be  considered  as  the  initial  mantle  melts 
from  which  the  primitive  MORBs  are  derived  by  olivine  fractionation. 
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OXYGEN  ISOTOPE  COMPOSITION  OF  METASOMATISED  MANTLE 
PERIDOTITE  XENOLITHS-  A  LASER  FLUORINATION  AND  ION  MICROPROBE 
STUDY 
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Introduction 

Oxygen  isotope  studies  of  mantle  xenoliths  may  in  principle  constrain  metasomatic 
processes  within  the  mantle.  However  the  occurrence  and  scale  of  oxygen  isotopic 
disequilibrium  in  mantle-derived  xenoliths  remains  controversial.  Conventional  studies  have 
commonly  indicated  oxygen  isotopic  disequilibrium  between  coexisting  olivine  and  pyroxene, 
interpreted  to  be  due  to  open  system  exchange  of  oxygen  between  olivine  and  metasomatic  fluid 
or  melt.  Recent  oxygen  isotope  analyses  by  laser  fluorination  (Mattey  et  al.  1994)  have 
indicated  that  coexisting  minerals  in  mantle  peridotites  are  commonly  in  oxygen  isotope 
equilibrium.  To  improve  our  understanding  of  this  problem  and  of  the  scale  of  isotopic 
equilibrium/  disequilibrium,  a  detailed  micro-sampling  laser  fluorination  and  ion  microprobe 
study  has  been  undertaken  on  a  suite  of  peridotite  xenoliths  from  the  Jagersfontein  kimberlite 
pipe,  South  Africa.  The  laser  technique  permits  analysis  of  small  (>0.5mg)  samples,  with  100% 
oxygen  yields,  at  a  precision  better  than  conventional  analysis.  The  spatial  resolution  of  the 
micro-sampling  technique  (750pm)  enables  the  determination  of  inter-  and  intra-grain  variations 
of  oxygen  isotope  compositions,  and  facilitates  the  removal  of  secondary  serpentinous  alteration 
(pervasive  in  kimberlite  hosted  xenoliths)  prior  to  analysis.  Recent  technical  advances  in  ion 
probe  analysis  of  the  oxygen  isotope  compositions  of  silicates  have  permitted  analysis  at  even 
higher  spatial  resolution  (<40pm),  so  fine-scale  textural  relationships,  for  example  between 
porphyroclasts  and  neoblasts,  can  be  investigated  in  detail. 

Sample  Description 

The  samples  analysed  include  both  coarse  low-T  and  deformed  high-T  peridotite  xenoliths. 
The  coarse  xenoliths  were  modally  metasomatised,  with  the  introduction  of  amphibole  and 
phlogopite  before  IGa  (Winterburn  et  al  1990).  The  deformed  porphyroclastic  xenoliths  have 
undergone  high-T  Fe-Ti-incompatible  element  cryptic  metasomatism  prior  to  eruption. 
Metasomatism  occurred  shortly  before  the  eruption  of  the  kimberlite  as  shown  by  complex 
chemical  heterogeneities  preserved  in  garnet  porphyroclasts  (Burgess  et  al.  this  volume). 

Experimental  Procedure 

Laser  fluorination  was  carried  out  with  an  IR  laser  (CO2)  and  Finnigan/MAT  25 1  mass- 
spectrometer  at  the  University  of  Wisconsin.  Samples  analysed  consisted  of  mineral  grains, 
parts  of  grains,  or  aggregates  of  grains  separated  from  thick  (500pm)  rock  slabs  by  a  micro-saw, 
hand  picking  technique.  Detailed  photographic  documentation  allows  the  position  of  each 
micro-sample  within  the  slab  to  be  determined  (fig.  1).  Secondary  alteration  was  generally 
removed  during  hand  picking  with  a  razor  blade;  however  crushing  and  picking  of  fresh  grains 
were  required  for  serpentinized  olivine  aggregates.  Ion  probe  analysis  was  carried  out  on  the 
Cameca  4f  ion  microprobe  at  the  University  of  Edinburgh.  The  sample  was  sputtered  by  a 
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primary  133cs+  beam,  charge  neutralisation  being  attained  using  a  normal  incidence  electron 
gun.  Negative  secondary  oxygen  ions  were  filtered  with  an  extreme  energy  offset  (-350eV). 
Instrumental  mass  fractionation  necessitated  standardisation  to  a  standard  (Kilboume  Hole 
olivine,  KHOL  S18O=5.3O%0,  Fo89),  with  a  composition  similar  (within  lmol%  Fo.)  to  the 
unknowns  analysed. 


Fig.  1  Part  of  an  analysed  rock  slab  from  coarse  xenolith  J154.  Olivine  is  unshaded;  orthopyroxene,  diagonal 
stripes;  phlogopite,  crosshatch;  serpentine  inclusion,  black.  Vertical  lines  represent  micro-saw  cuts.  Numbers 
indicate  8^0-SMOW  of  micro-samples. 

Results 

Detailed  laser  fluorination  studies  (e.g.  fig.  1)  show  that  there  is  no  evidence  of  oxygen 
isotope  heterogeneity  on  the  inter-  or  intra-grain  scale.  This  is  also  true  when  comparing 
different  textural  types,  for  example  olivine  porphyroclasts  and  neoblasts.  Olivine,  opx  and 
garnet  are  in  isotopic  equilibrium  with  8^0  in  the  range  4.6-5.8  %o.  8-8  plots  (e.g.  5^00pX- 
8^00i  fig. 2)  show  no  evidence  of  disequilibrium  oxygen  isotope  arrays  comparable  to  those  of 
Kyser  et  al.  (1981).  A^00pX_0j  (0.7-0.0  %o)  and  A^Ognt_0i  (0. 6-0.0  %<>)  are  consistent  with 
experimentally  calibrated  equilibrium  fractionations  at  mantle  temperatures.  Secondary 
serpentine  (S^O<5  %«)  lowers  the  measured  8^0  of  samples,  where  alteration  has  not  been 
completely  removed.  Clinopyroxene  is  anomalously  ^O-depleted,  with  A^00j_CpX  =  0.62  to  - 
0.05  %«,  in  disagreement  with  experimentally  determined  negative  ol-cpx  oxygen  isotope 
fractionations.  Primary  metasomatic  phlogopite  is  in  isotopic  equilibrium  with  its  host 
(8^0=5. 53-5. 56%o)  whereas  amphibole  (8^0=4. 32-4. 85%o)  is  very  variable  and  depleted  in 
relative  to  olivine.  The  low  8^0  of  clinopyroxene  and  amphibole  may  indicate  isotopic 
disequilibrium,  which  may  be  a  result  of  preferential  oxygen  exchange  of  the  calcic  phases  with 
fluids  during  either  metasomatism  or  low-T  alteration/  serpentinization.  Ion  microprobe  analysis 
of  olivine  porphyroclasts  and  individual  olivine  neoblast  grains  from  one  deformed  xenolith 
( J 1 19)  show  both  textural  types  to  have  identical  oxygen  isotope  compositions  (4.8±0.9%«  and 
4.7±0.7%o  respectively).  The  large  error  on  each  sample  set  reflects  the  error  on  a  single 
analysis  (±\%<>  la)  for  this  technique.  The  8^0  of  olivine  measured  by  ion  probe  is  within 
error  of  the  8^0  measured  by  laser  verses  5.15%»).  The  KHOL  standard  was  also  used 

to  check  machine  stability  during  analysis  of  garnet.  Garnet  from  J 1 1 9  was  standardised  to  the 
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5180  measured  by  laser  (5180=5.34%u).  The  two  garnet  grains  studied  are  homogeneous  and 
have  identical  oxygen  isotope  composition  (5*80=5.3±1.2%^  and  5.4±0.9 %„  respectively). 


§180  olivine  (per  mil  SMOW) 

Fig.  2  5lSO(opx)  Vs  6l80(ol)  for  Jagersfontein  coarse  (crosses)  and  deformed  (circles)  xenoliths.  Hatched  area 
represents  the  ol-opx  data  of  Kyser  et  al.  ( 1 98 1 ). 

Discussion 

The  detailed  micro-scale  analyses  of  the  Jagersfontein  suite  represent  a  unique  data  set  on  a 
suite  of  metasomatised  mantle  peridotite  xenoliths.  The  Jagersfontein  xenoliths  show  little 
variation  in  oxygen  isotope  compositions,  and  their  constituent  minerals  (except  clinopyroxene 
and  amphibole)  are  in  isotopic  equilibrium  on  all  scales  down  to  the  pm  level.  The  deformed 
xenoliths  in  particular,  however  show  evidence  of  retained  chemical  heterogeneity  due  to 
metasomatism  prior  to  kimberlite  eruption.  Of  particular  interest  is  the  chemical  zoning 
preserved  in  garnet.  Diffusion  of  oxygen  in  garnet  may  be  slower  at  mantle  temperatures  (~10“ 
1^  m^s-!  at  1200°C;  Elphick  et  al.  In  prep.)  than  at  least  some  major  cations,  considering 
commonly  invoked  diffusion  coefficients  (eg  10"! 8  m^s'l;  Loomis  et  al.  1985).  Therefore  any 
oxygen  isotope  heterogeneity  resulting  from  this  metasomatic  event  would  also  be  expected  to 
be  preserved  within  garnet.  Two  possible  end-member  cases  are  possible  for  the  metasomatising 
fluid.  Firstly  the  fluid  may  have  originated  from  a  well  mixed  asthenospheri'c  source,  and  was  in 
isotopic  equilibrium  with  the  host  mantle  peridotite.  Secondly  the  metasomatic  fluid  had  an 
'exotic'  oxygen  source,  but  was  buffered  by  the  host  peridotite.  This  is  supported  by  the  lack  of 
veins  in  the  Jagersfontein  peridotites  and  thereby  the  implication  that  the  metasomatic  fluid 
moved  by  pervasive  boundary  flow.  It  is  possible  that  both  end-member  cases  are  relevant. 
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Introduction 

Occurrences  of  chemical  variations  preserved  in  garnets  from  kimberlite  hosted  xenoliths  are 
widely  reported.  The  preservation  of  these  variations  provides  evidence  of  metasomatic  events  within 
the  mantle,  and  may  provide  information  on  the  mechanisms  and  time  scales  of  such  events.  Recent 
detailed  studies  by  Griffin  et  al.  (1989)  and  Matthews  et  al.  (1992)  have  shown  that  growth  around  rims 
and  in  cracks  within  garnets  are  two  mechanisms  of  metasomatic  enrichment  recorded  by  garnets.  To 
study  this  problem  further  extensive  major  and  trace  element  analysis  has  been  undertaken  on 
chemically  heterogeneous  garnets  from  the  Jagersfontein  kimberlite  pipe,  South  Africa.  A  combination 
of  backscatter  (BSE)  imaging,  line  profiling,  X-ray  mapping  (by  electron  probe)  and  trace  element 
analysis  (by  ion  probe)  has  enabled  detailed  information  on  the  2D  geometry  of  chemical  variations  as 
well  as  their  actual  magnitude  to  be  determined. 

Sample  Description 

The  suite  of  samples  studied  includes  both  coarse  low-T  and  deformed  high-T  xenoliths.  The  coarse 
xenoliths  were  modally  metasomatised  before  IGa  (Winterburn  et  al.  1990),  whilst  the  deformed 
xenoliths  underwent  Fe-Ti  cryptic  metasomatism  prior  to  eruption  (Hops  et  al.  1989).  Garnet  from  one 
coarse  low-T  xenolith,  a  garnet  harzburgite  which  shows  no  evidence  of  modal  metasomatism  seen  in 
many  of  the  coarse  xenoliths,  was  studied.  The  deformed  xenolith  suite  includes  both  garnet 
harzburgites  and  Iherzolites  showing  a  range  of  textures  from  porphyroclastic  to  fluidal  mosaic 
porphyroclastic.  Garnet  porphyroclasts  generally  appear  unaffected  by  the  deformation,  except  for  two 
samples;  one  where  garnet  is  elongated  with  the  fabric,  the  other  where  strings  of  garnet  are  aligned 
with  the  fabric.  Kelyphite  is  developed  around  the  rims  of  most  of  the  garnets  studied'.  The  garnets  are 
chrome  pyropes  and  are  chemically  heterogeneous  in  many,  but  not  all,  samples. 

Experimental  Techniques 

Quantitative  major  element  analysis  was  carried  out  on  the  Cameca-Camebax  electron  microprobe 
at  the  University  of  Edinburgh  (WDS  analysis).  Most  of  the  analysis  consisted  of  auto-profiling  (beam 
current  80nA).  X-ray  maps  were  collected  on  the  Cameca-SX50  electron  microprobe  at  the  University 
of  Leeds  (512X512  images)  and  on  the  Cameca-Camebax  at  Edinburgh  (256x256  images).  Beam 
currents  were  lOOnA  at  Leeds,  80nA  at  Edinburgh,  and  counting  times  per  pixel  were  40ms  at  Leeds, 
400ms  at  Edinburgh.  The  spatial  resolution  of  the  maps  varied  from  2  to  8jim.  Trace  element  analysis 
was  carried  out  on  the  Cameca-4f  ion  microprobe  at  the  University  of  Edinburgh.  The  sample  was 
spluttered  with  an  O"  beam,  with  beam  current  8nA.  A  voltage  offset  of  20-25eV  was  used  in  order  to 
collect  high  energy  ions.  The  elements  analysed  were:  Rb,  Sr,  Y,  Zr,  Nb,  Ba,  La,  Ce,  Pr,  Nd,  Sm,  Eu, 
Gd,  Tb,  Dy,  Ho,  Er,  Yb,  and  Lu. 

Results 

A  combination  of  line  profiling  and  X-ray  mapping  shows  a  very  large  range  of  styles  of  chemical 
variation  within  the  garnets  studied.  Some  typical  geometries  of  chemical  heterogeneity,  are  reproduced 
in  figs.  1  and  2.  Two  moderately  simple  situations  may  be  identified:  firstly  concentric  zonation,  and 
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secondly  variation  across  roughly  linear  features  which  cross-cut  the  garnet.  Concentric  zonation  may 
be  interpreted  as  resulting  from  growth  (Griffin  et  al.  1989)  or  diffusion  (Harte  et  al.  1987)  or  both. 
Cross-cutting  linear  features  were  interpreted  as  due  to  fluid/melt  infiltration  into  cracked  garnets, 
whose  cracks  were  infilled  by  garnet  precipitation  by  Matthews  et  al.  (1992).  Between  these  end- 
member  cases  are  a  range  of  geometries  which  appear  to  represent  a  mixture  of  both.  A  few  samples 
cannot  be  described  this  way,  and  show  highly  complex  patterns  (eg  fig.  2c).  The  extent  to  which  these 
different  geometries  dominate  the  garnet  population  was  investigated  by  X-ray  mapping  nine  garnets 
from  one  xenolith.  These  garnets  showed  the  complete  range  of  concentric  and  crack-related  geometries 
described  above.  Garnets  less  than  1  mm  apart  can  show  vastly  different  mechanisms  of  metasomatic 
interaction.  The  range  of  chemical  substitutions  resulting  from  metasomatic  interaction  are  as  varied  as 
the  range  of  geometries.  The  elements  substituting  can  change  across  a  mineral  grain,  or  between 
garnets  within  a  xenolith  to  a  limited  extent.  Garnets  from  the  coarse  xenolith  show  the  substitution  Mg 
+  Al  =  Cr  +  Ca  +  Fe  (where  elements  enriched  in  the  later  garnet  are  given  first).  This  is  the  only 
heterogeneous  sample  where  titanium  remains  constant.  The  most  common  substitution  in  the  deformed 
xenoliths  is  Mg  +  Al  +  Ti  +  Na  (±Fe)  =  Cr  +  Ca.  The  role  of  Cr  and  Al  can  however  vary  with  either,  or 
neither  (though  not  both)  being  an  enriching  element.  This  behaviour  commonly  changes  in  different 
parts  of  one  mineral  grain.  Other  substitutions  include  Ti  +  Cr  +  Ca  =  Al  +  Mg  +  Fe  which  occurs  in 
multiply  zoned  garnets  from  two  samples  (Fig.  1c)  and  Na  +  Ti  +  Ca  =  Al  +  Mg  +  Cr.  Detailed  profiling 
and  X-ray  mapping  of  one  grain,  (fig.  Id,  2b)  reveals  that  its  linear,  crack-like  feature  is  actually  made 
up  of  two  broadly  parallel  features  of  similar  chemistry;  however  one  is  low  in  Cr  the  other  in  Al.  It  is 
probable  that  this  grain  suffered  infiltration  by  two  fluids.  Such  a  model  could  explain  the  highly 
variable  behaviour  of  Cr  and  Al  in  some  grains.  Calculation  of  Fe^+  by  a  charge  balance  cation 
calculation  method  shows  this  feature  to  bfe  anomalously  high  in  ferric  iron.  In  general  however  Fe^+  is 
not  found  to  vary  significantly  over  the  garnets  studied.  Trace  element  analysis  on  two  predominantly 
concentrically  zoned  samples  show  that  the  garnets  are  being  enriched  in  Zr,  Y  and  HREE.  Garnets 
from  the  coarse  xenolith  are  homogeneous  with  respect  to  the  trace  elements  studied.  The  chondrite 
normalised  REE  pattern  of  the  coarse  garnets  is  sinusoidal,  peaking  at  Nd,  similar  to  the  patterns 
reported  by  Hoal  et  al  (1994),  whilst  the  deformed  garnets  show  more  'normal'  patterns  (with  low  LREE 
and  high  HREE). 


fig.  1  Oxide  (Wt%)  Against  Distance  (pm)  for  Analysis  profiles  across  a)  J22C  (Ti02),  b)  J1 10  (Ti02),  c)  J 1 1 5 
(C^Oj)  and  d)  JJH37  Garnet  B  (0^03).  b)  represents  concentric  zoning,  a)  zoning  with  possible  infiltration  in 
one  rim,  c)  multiple  zoning,  and  d)  infiltration  into  the  garnet  centre. 

Discussion 

Mantle  metasomatism  prior  to  the  eruption  of  the  kimberlite  has  resulted  in  chemical 
heterogeneities  preserved  in  garnets.  The  chemistry  of  the  garnet  rims  and  of  infiltration  features 
suggests  that  the  garnets  were  mostly  being  enriched  in  Ti,  Mg,  (±Fe),  HFSE,  and  HREE.  For  one  grain 
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increases  in  Fe^+  suggest  the  fluid  may  have  been  more  oxidising  than  the  surrounding  mantle. 
Variations  in  the  elements  being  added  indicate  that  the  composition  of  the  fluid  was  variable  (possibly 
due  to  fractionation  as  it  percolated  through  the  mantle)  or  that  fluids,  of  different  chemical  composition 
were  involved.  The  coarse  xenolith  shows  a  vastly  different  enrichment  style,  without  enrichment  in  Ti, 
probably  because  its  source  was  spatially  removed  from  the  event  affecting  the  deformed  xenoliths.  It  is 
probable  that  the  enrichment  of  garnet  occurred  both  due  to  growth  and  chemical  exchange  and 
diffusion.  The  large  variations  in  chemical  geometry  suggest  the  fluid  was  not  moving  simply  along 
grain  edges  due  to  surface  tension,  but  that  the  fluid  pressure  was  large  enough  to  cause  some  garnets  to 
undergo  hydraulic  fracturing.  Some  of  the  complexities  of  spatial  relationships  might  relate  to 
crystallographic  controls,  but  the  geometrical  shapes  of  the  chemical  zones  do  not  suggest  control  by 
rational  crystallographic  forces.  Evidence  of  the  time-scale  of  the  metasomatic  event  can  be  inferred  for 
these  xenoliths.  The  homogenisation  time  by  diffusion  for  a  1mm  spherical  garnet  grain  at  1200°C, 
assuming  a  diffusion  coefficient  of  10'^m^s"^  is  less  than  1000  years. 


fig.  2  Schematic  Contour  Maps  showing  change  in  TiC>2  (a  JJH19,  c  J1 12)  and  C^C^  (b  JJH37,  d  J22C)  across 
garnets  from  deformed  xenoliths.  a)  represents  concentric  zoning,  b)  infiltration,  and  c),d)  more  complex  histories. 
Diagonal  hatch  is  kelyphite. 
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Introduction:  Application  of  the  40Ar-39Ar  method  and  noble  gas  studies  to  diamonds  has 
increased  our  understanding  of  their  age  relationships  to  the  host  kimberlite  or  lamproite 
(Burgess  et  al.,  1989,  1992;  Phillips  et  al.,  1989)  and  of  the  source  and  composition  of  volatile- 
rich  fluids  in  the  upper  mantle  (Turner  et  al.,  1990).  The  properties  of  diamond  (inert,  high 
mechanical  strength  and  low  gas  diffusivities)  means  they  are  especially  useful  samples  for 
studying  gases  trapped  deep  within  the  earth  (>150  km),  because  they  are  unlikely  to  have 
undergone  loss  or  exchange  of  entrapped  material  since  formation.  Volatile-rich  fluids  (H2O- 
CO2  mixture)  are  important  agents  for  metasomatic  processes  in  the  upper  mantle  and  the  noble 
gases  and  halogens  preferentially  partition  into  this  phase  leading  to  a  strong  geochemical 
coherence  between  these  groups  of  elements. 

The  abundances  of  halogens  in  the  major  reservoirs  of  the  earth  shows  a  marked  progression 
from  chlorine,  concentrated  in  the  oceans,  through  to  iodine  which,  through  its  affinity  for 
organic  material,  is  concentrated  mainly  in  sediments.  Although  halogen  abundances  in  the 
upper  mantle  are  low,  they  are  poorly  constrained.  This  is  particularly  true  for  iodine,  which  is  an 
element  of  special  interest  in  view  of  its  potential  significance  as  an  indicator  of  sediment 
recycling  and  by  way  of  its  link  to  129Xe  anomalies  in  the  mantle  through  the  now  extinct  parent 
isotope  129I. 

Samples:  Extensions  of  the  40Ar-39Ar  technique  enable  measurements  of  halogens  (Cl,  Br,  I) 
and  other  elements  (K,  Ca,  Ba,  U)  by  production  of  noble  gas  isotopes  from  these  species  during 
neutron  irradiation.  Noble  gases  are  extracted  by  stepped  heating  to  diamonds  in  the  temperature 
range  600-2 100°C.  Samples  analysed  include  cubic  (coated)  and  polycrystalline  diamonds  from 
southern  Africa:  15  coated  stones  from  an  unknown  source  in  Zaire,  3  coated  stones  from  the 
Jwaneng  kimberlite  (Botswana)  and  4  polycrystalline  diamonds  from  the  Orapa  kimberlite 
(Botswana). 

Results:  Stepped  heating  gives  a  bimodal  release  of  Ar  with  peaks  at  1200°C  and  at  the 
graphitisation  temperature  of  2000°C,  both  temperature  intervals  give  high  40Ar/36Ar  values  of 
20,000-30,000  typical  of  degassed  upper  mantle  (MORB).  Both  types  of  diamonds  contain 
excess  40 Ar  (Ar*)  with  most  samples  giving  anomalously  old  apparent  ages  >4.5Ga.  40 Ar* 
shows  a  good  correlation  with  Cl  and  Br.  40Ar*/Cl  for  cubic  diamonds  is  relatively  constant  at 
8.5  ±  0.9  x  10'4  molar  (M);  this  ratio  is  slightly  higher  and  more  variable  in  poly  crystalline 
stones  (>10  x  10-4). 

Bromine  and  chlorine  show  good  correlation  in  cubic  and  polycrystalline  stones  (Fig.  1).  Br/Cl 
has  a  mean  of  (1.4  ±  0.3)  x  10'3  (n=19)  which  is,  within  error,  equal  to  both  the  seawater  and 
MORB  ratios  of  1.55  x  10-3  and  1.4  x  10-3  (Schilling  et  al.,  1978).  Figure  1  shows  that  I  and  Cl 
are  not  well-correlated,  although  coated  diamonds  show  lower  and  less  variable  I/Cl  (2-10)  x  10_ 
5  M  than  polycrystalline  diamonds  (30-300  x  10'5  M.  Both  types  of  diamond  have  I/Cl 
considerably  higher  than  seawater  (I/O  =  9.5  x  10-5  M),  but  only  the  values  from  coated  stones 
encompasses  the  MORB  value  3  x  10-5  (Deruelle  et  al.,  1992). 

Discussion:  The  halogen  content  of  the  mantle  fluid  trapped  in  cubic  diamonds  are  estimated  to 
be  2-5  wt.%  Cl,  60-120  ppm  Br  and  1-3  ppm  I  and  the  concentration  of  40 Ar  is  (1-3)  x  10'2ml/g. 
This  represents  about  a  factor  5000  enrichment  relative  to  present-day  upper  mantle  values 
(MORB  source).  To  achieve  this  level  of  enrichment  the  fluid  phase  must  be  present  at  a  level  of 
about  200  ppm. 
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The  halogen  abundances  present  io  the  mantle  region  from  which  the  fluids  derive  can  be 
estimated  assuming  an  upper  mantle  40 Ar  concentration  of  4  x  IO-6  ml  STP/g  (Allegre  et  al., 
1986)  and  using  the  measured  40Ar*/Cl  value  in  diamond  of  8.5  x  IO-4  M.  The  estimated  values 
are  7  ppm  Cl,  25  ppb  Br  and  0.1 -2.5  ppb  I.  In  Table  1  these  values  are  compared  with 
abundances  in  the  MORB  source,  crust  and  seawater.  Table  1  shows  that  there  is  close 
correspondence  between  the  halogen  contents  of  the  sub-continental  mantle  (from  diamonds)  and 
sub-oceanic  mantle  (MORB  source).  An  important  implication  of  this  finding  is  that  there  is  an 
apparent  uniformity  of  halogen  abundances  and  ratios  throughout  large  regions  of  the  upper 
mantle;  a  result  which  is  consistent  with  observations  made  for  other  volatile  elements  (e.g., 
noble  gases,  C  and  N). 
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Figure  1.  I/Cl  versus  Br/CI  for  coated  and  polycrystalline  stones.  Each  point  represents  the  total 
release  from  an  individual  diamond.  Shaded  area  is  the  range  characteristic  of  crustal  values. 
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Table  1:  Halogen  abundances  in  the  main  terrestrial  reservoirs 

Figure  2  shows  813C  versus  I/Cl  for  coated  and  polycrystalline.  The  coated  stones  show  a 

restricted  range  in  513C  ( -5  to  t7  %o )  that  are  typical  of  mantle  carbon  values  and  relatively  low 
I/Cl  values  that  are  similar  to  MORB.  Two  of  the  polycrystalline  stones  (one  each  from  Orapa 
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and  Jwaneng),  give  mantle  513C  values  and  high  I/Cl  values.  However,  the  remaining 

polycrystalline  diamonds  are  more  depleted  in  13C  and  have  5l3C  values  as  low  as  -20 %o.  These 
diamonds  have  I/Cl  values  that  are  up  to  two  orders  of  magnitude  higher  than  those  of  coated 
diamonds.  This  indicates  a  separate  diamond-forming  event  for  polycrystalline  diamond  which 
may  have  involved  subducted  crustal  material. 
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Figure  2*  813C  versus  I/Cl  for  polycrystalline  and  coated  stones. 
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HELIUM,  ARGON  AND  CARBON  ISOTOPE  CONSTRAINTS  ON  THE  FORMATION  OF 
CUBIC  AND  POLYCRYSTALLINE  DIAMOND 

Burgess  R.,  Turner  1,  G.,  Mattey2,  D.P. 

1.  Dept,  of  Earth  Sciences,  University  of  Manchester,  Oxford  Rd.,  Manchester,  M13  9PL,  U.K. 

2.  Dept,  of  Geology,  Royal  Holloway,  University  of  London,  Egham,  Surrey,  TW20  OEX,  U.K. 

Introduction:  Diamonds  show  the  largest  variation  in  He  isotopes  of  any  terrestrial  materials. 
The  reported  3He/4He  isotope  data  span  the  range  from  crustal  radiogenic  He  (3He/4He  ~  10*8) 
to  values  exceeding  the  planetary  value  (3He/4He  «  10-4  ).  Ideally,  the  primary  He  isotope 
composition  will  reflect  the  time-integrated  3He/(Th+U)  ratio  of  the  diamond  growth 
environment.  However,  interpretation  of  the  diamond  He  data  is  made  difficult  by  the  effects  of 
secondary  processes  that  cause  changes  in  3He/4He  both  within  and  between  diamonds  (Kurz  et 
al.,  1987).  Secondary  effects  leading  to  a  significant  increase  in  3He/4He  include  cosmogenic 
3He  production  in  alluvial  diamonds  (Lai  et  al.,  1987)  and  nucleogenic  3He  production  by 
6Li(n,a)T— >  3He,  while  those  causing  a  decrease  in  3He/4He  involve  a-implantation  at  the 

diamond  surface  (<  20pm;  McConville  et  al.,  1991)  and  zonations  of  inherited  4He,  Th  and  U  in 
the  diamond  (Kurz  et  al.,  1987). 

The  problems  outlined  above  have  a  strong  influence  on  the  He  isotope  compositions  of  gem 
quality  diamond  because  they  contain  low  total  He  concentration,  however  their  effect  on 
diamonds  with  high  He  contents  will  be  much  less  important.  Analysis  of  He  in  volatile-rich 
mantle  fluids  in  microinclusions  in  diamond  is  preferred  because  the  relatively  high  ambient  He 
content  of  the  mantle  means  that  He  isotopes  in  these  fluids  are  least  likely  to  have  been  affected 
by  secondary  processes  and  therefore  will  be  most  representative  of  the  mantle  source. 
Previously,  significant  amounts  of  trapped  He  were  obtained  during  in  vacuo  crushing 
experiments  on  Orapa  stones  (Kurz  et  al.,  1987),  and  high  4He  and  40 Ar  contents  in  an  inclusion- 
rich  Sierra  Leone  diamond  were  reported  by  McConville  and  Reynolds  (1989).  The  work 
reported  here  aims  to  show  that  He  isotope  measurements  can  give  important  new  insights  into 
the  origin  of  diamond  especially  when  used  in  conjunction  with  isotopic  data  from  other  volatile 
elements. 

Samples:  Noble  gases  (Ar  and  He)  and  C  isotopes  were  measured  in  sixteen  diamonds 
containing  mantle  fluids  in  microinclusions.  All  diamonds  were  from  southern  African 
kimberlite  sources  (Orapa,  Jwaneng  and  Zaire).  Two  types  of  diamond  were  analysed;  green  or 
grey  cubic  diamond  (coated  stones)  and  black  polycrystalline  stones  (boart  or  framesite).  He  and 
Ar  were  extracted  from  microinclusions  by  in  vacuo  crushing  and  carbon  isotopes  were 
determined  on  the  crushed  residues. 

Results:  The  He,  Ar  and  C  isotope  results  are  shown  as  histograms  in  Fig  1 ;  He  isotopes  are 
reproted  reative  to  the  atmospheric  3He/4He  value  of  1.4  x  10-6  (Ra).  The  total  range  in  3He/4He 
values  is  between  0.08-7.0 IRa  (Fig.  la)  and  cubic  diamonds  have  distinctly  higher  3He/4He 
values  (4-8Ra)  than  polycrystalline  stones  (0.08-3Ra).  The  lowest  3He/4He  values  are  close  to 
radiogenic  crustal  He  (0.01)  whereas  the  highest  He  isotope  ratios  are  close  to  the  value  for 
MORB  glass  of  8Ra  which  is  considered  representative  of  the  degassed  mantle. 

The  two  groups  of  diamonds  can  also  be  resolved  by  C  isotope  compositions  (Fig.  3b).  With  a 
single  exception  the  polycrystalline  diamonds  are  all  more  enriched  in  12C  than  cubic,  diamonds, 
with  813C  extending  down  to  -21.7%c.  The  cubic  diamonds  show  a  more  restricted  range  in  C 

isotopes  (-5.9  to  -8.2 %c)  and  most  are  in  fairly  good  agreement  with  the  globally  uniform  513C 
values  for  coated  stones  of  about  -5 %c  (Boyd  et  al.,  1994  and  references  therein). 
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All  diamonds  have  40Ar/36Ar  greater  than  the  atmospheric  ratio  (295.5),  however  there  is  no 
obvious  difference  in  this  ratio  between  cubic  and  polycrystalline  diamonds. 
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Figure  1.  Histograms  of  He,  Ar  and  C  isotope  compositions  of  diamonds 

40Ar/36Ar  values  are  in  the  range  370-6000  and  these  are  below  the  highest  values  obtained  from 
MORB  glass  of  >30,000,  however  this  is  probably  explained  by  the  presence  of  varying  amounts 
of  adsorped  atmospheric  Ar  on  the  diamond  surfaces  that  is  released  during  crushing. 

40Ar*/4He  are  in  the  range  0.3-30  although  most  diamonds,  regardless  of  type,  have  ratios  of 
between  1  and  4.  Four  poly  crystalline  stones  from  Orapa  have  distinctly  higher  40Ar*/4He  values 
of  between  22-30.  Diamond  40Ar*/4He  are  all  above  the  current  mantle  production  ratio  of  about 
0.18  and,  with  a  single  exception,  are  higher  than  the  "popping  rock"  value  of  0.47,  which  is 
considered  to  represent  the  least  degassed  sample  of  MORB  (Sarda  and  Graham,  1990). 

Discussion:  Polycrystalline  and  cubic  diamonds  have  different  He  and  C  isotope  signatures 
indicating  that  these  two  populations  of  diamonds  formed  in  separate  mantle  environments. 

Cubic  diamonds  have  813C  ~  -6%o  consistent  with  primitive  mantle  carbon,  but  3He/4He  are 
slightly  below  the  MORB  value.  Therefore,  the  data  suggests  that  cubic  diamonds  formed  in  a 
region  of  the  subcontinental  mantle  with  isotopic  characteristics  similar  to  the  present  day 
MORB  source.  Lowering  of  3He/4He  in  cubic  diamonds  can  be  explained  by  radiogenic 
production  of  4He  from  in  situ  U  and  Th  decay  in  the  inclusions.  Fig.  2  shows  closed  system  He 
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isotopic  evolution  for  three  different  3He/U  values  assuming  that  the  diamonds  initially  trapped 
He  with  an  upper  mantle  3He/4He  of  8Ra.  Boyd  et  al.  (1994)  have  argued  that  cubic  diamond 
growth  occurred  just  prior  to  host  kimberlite  emplacement  and  for  Jwaneng  kimberlite  an  age  of 
245  Ma  has  been  reported  (Burgess  et  al.,  1992).  Thus,  using  the  most  reasonable  estimate  for  the 
bulk  earth  3He/U  of  ~10-9  cm3STPg_1/ppm  gives  3He/4He  of  7  x  10-6  (5Ra)  after  245  Ma  closed 
system  evolution  which  is  in  good  agreement  with  the  observed  He  isotopic  compositions  in 
most  Jwaneng  cubic  diamonds.  With  only  a  single  measurement  available  for  Zaire  it  is  not 
possible  to  assess  whether  this  model  applies  to  cubic  diamonds  from  this  source. 


Figure  2.  Closed  system  He  isotope  evolution.  3He/U  are  in  units  of  cm3STP  g_1/ppm. 
The  bulk  earth  3He/U  is  estimated  at  10'9  cm3STP  g_1/ppm. 

The  diamond  40Ar*/4He  of  around  1-30  are  higher  than  typical  MORB  ratios  (~  0.067,  Sarda  and 
Graham,  1990).  Reduction  of  the  MORB  value  to  below  the  current  mantle  production  ratio 
(0.18)  has  been  explained  by  He/Ar  fractionation  during  degassing  due  to  the  higher  solubility  of 
He  compared  to  Ar  in  basalt  melts.  Therefore,  the  higher  Ar/He  ratios  of  cubic  and 
polycrystalline  diamonds  can  be  explained  if  their  noble  gases  were  derived  from  volatiles 
expelled  during  degassing  of  the  mantle  source. 

Polycrystalline  diamonds  have  anomalous  513C  (<  -9 %o),  radiogenic  3He/4He  values  and  high 
40Ar*/4He  compositions  (Orapa)  that  points  to  growth  in  a  very  K-Th-U  rich  environment.  This 
is  shown  in  Fig.  2  where  the  low  3He/4He  measured  in  polycrystalline  stones  can  not  be 
explained  by  closed  system  evolution  of  He  unless  the  region  of  the  mantle  in  which  these 
diamonds  formed  has  anomalous  3He/U  (<10_1°  cm3STP  g_1/ppm).  The  C  and  He  isotope  data 
implies  that  poly  crystalline  diamonds  may  have  formed  in  or  from  subducted  crustal  material. 
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Seismic  properties  of  continental  mantle  xenoliths  at  the  garnet- 
spinel  transition.  An  experimental  study. 
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Seismic  properties  of  some  mantle  xenoliths  from  the  Vitim  volcanic  plateau 
(Siberia)  were  measured  in  a  triaxial  pressure  apparatus  at  pressure  up  to  600  MPa  and 
temperature  up  to  600°C  and  compared  with  calculated  velocities  based  on  the 
crystallographic  preferred  orientation  (LPO)  of  olivine  and  orthopyroxene  determined  by  U- 
stage  measurements,  the  modal  composition  measured  with  a  computer-imaging  technique 
and  the  single  crystal  stiflhess  coefficients. 

P  and  T  of  equilibration  has  been  calculated  from  the  mineral  composition  df  many 
samples,  allowing  the  reconstruction  of  a  lithological  column  spanning  from  40  to  90  Km 
depth.  The  samples  studied  have  been  equilibrated  at  temperature  of  1050-1 150°C  and 
represent  the  middle  part  of  the  mantle  column,  in  which  the  spinel-  garnet  transition  in  the 
upper  continental  mantle  occurs,  at  the  starting  time  of  the  Vitim  lava  plateau  formation. 


The  velocity  measurements  were  done  on  sample  cubes  (43  mm  edge  length)  using 
the  ultrasonic  pulse  transmission  technique.  The  measurements  of  P-  and  S-wave  velocities 
along  the  three  principal  axes  of  the  sample  cubes  permit  the  estimation  of  maximum  and 
minimum  velocities  and  thus  the  coefficient  of  anisotropy.  This,  particularly,  holds  for  the 
case  that  the  sample  reference  system  has  been  related  to  inherent  fabric  elements  such  as  the 
lineation  (X),  the  normal  to  the  foliation  plane  (Z)  and  the  normal  to  these  two  directions 
(Y).  Two  sets  of  shear  wave  transducers  with  perpendicular  polarization  planes  alowed  the 
measurement  of  shear  wave  splitting.  The  compressional  (Vp)  and  shear  wave  velocities 
(Vg)  measured  as  functions  of  pressure  and  temperature  (up  to  600°C  at  600  MPa)  shows  a 
marked  increase  in  wave  velocities  as  pressure  is  increased.  Quasi-linear  behaviour  indicating 
closure  of  most  of  the  inter-and  intragranular  cracks  is  approached  between  200  and  400 
MPa.  Increase  in  temperature  at  a  constant  pressure  of  600  MPa,  gives  rise  to  further 
increase  of  velocities.  The  temperature-induced  velocity  increase  is  most  pronounced  in 
samples  (313/802,  314/380)  exhibiting  more  quenched  melts  along  grain  boundaries, 
suggesting  that  both  temperature  >600°C  and  pressures  >600  MPa  are  required  to 
completely  close  porosity  in  the  xenoliths  which  are  in  general  more  decompacted  than 
mantle  peridotites  from  massifs  brought  to  the  surface  by  tectonic  events. 

All  the  studied  samples  exhibit  pronounced  anisotropies  of  Vp  and  Vs.  The  fastest  P- 
wave  velocities  were  measured  within  the  foliation  plane  parallel  to  lineation  (X)  and  the 
slowest  normal  to  it  (parallel  to  Z).  The  near-parallel  slopes  of  the  velocity  curves  above 
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about  300  MPa,  where  the  mayor  part  of  cracks  is  closed,  suggest  that  the  velocity 
anisotropy  is  mostly  related  to  preferred  orientation  of  major  minerals.  It  is  clear  from  the 
parallel  slopes  of  the  velocity  vs  temperature  curves  that  velocity  anisotropy  is  not 
significantly  affected  by  temperature.  P-wave  anisotropies  (at  600  MPa)  vary  between  3.98 
and  6.37%  and  average  P-wave  velocities  are  in  the  range  6.98  to  7.92  km/s.  Elastic 
anisotropy  is  also  documented  by  shear  wave  splitting  up  to  0. 17  km/s 

The  calculation  of  the  directional  dependence  of  the  elastic  wave  velocities  in  the 
rocks  is  based  on  the  LPO's  of  olivine  (413-801,  314-303)  and  of  olivine  and  orthopyroxene 
(samples  313-802  and  314-380)  making  up  more  than  68%  and  80%  of  the  total  volume, 
respectively  In  the  samples  313-801,  314-303  the  LPOs  of  ortho-  and  clinopyroxenes  are 
assumed  to  be  random.  The  minor  minerals  such  as  garnet  and  spinel  are  cubic  and, 
therefore,  do  not  contribute  much  to  the  velocity  anisotropy  of  the  rock.  The  melt  has  been 
ignored  in  the  calculation  because  never  exceed  0.5%,  and  the  thin  kelyphitic  rim  around 
garnet  has  been  assumed  as  garnet. 

In  Fig.  1  we  present  the  ciystallographyc  fabrics  as  pole  figures  (equal  area,  lower 
hemisphere)  and,  in  Fig.  2  we  present  the  P-  and  S-wave  velocities  in  the  form  of  contour 
stereograms.  In  addition,  the  mode  of  the  rocks  used  for  the  calculations  is  indicated.  The 
vertical  line  represents  the  trace  of  the  folitation  plane,  and  lineation  is  N-S. 

In  the  Vitim  samples,  the  LPOs  of  the  olivine  fabric  are  very  similar.  Maximum 
concentrations  of  [100]  poles  are  observed  subparallel  to  foliation  and  linetation.  Compared 
to  the  spinel  peridotite  (314-380),  the  [100]  directions  in  the  garnet  peridotites  show  a 
tendency  for  a  N-S  girdle.  The  poles  of  the  [001]-  axes  exhibit  maximum  concentrations 
supparallel  to  foliation  and  perpendicular  to  lineation.  The  [010]  directions  tend  to  girdles 
with  maximum  concentrations  more  ore  less  normal  to  the  foliation  plane. 

The  marked  fabric  anisotropy  measured  in  the  xenolith  samples  gives  rise  to 
pronounced  velocity  anisotropy  as  is  documented  in  the  stereograms  of  the  calculated  P-  and 
S-wave  velocities.  The  symmetry  of  all  Vp  patterns  is  more  or  less  orthorhombic  with  a 
tendency  for  axial  symmetry  around  [010]  in  the  garnet  peridotites,  and  reflects  the 
symmetry  of  the  orientation  patterns.  Directions  of  highest  P-wave  velocities  are  found  to  be 
subparallel  to  lineation  and  foliation  and  closely  related  to  the  maxima  of  olivine  [100], 
which  is  the  fast  direction  in  olivine  single  crystals.  Directions  of  slow  P-wave  velocities  are 
perpendicular  to  foliation  and  correspond  to  maximum  concentration  of  [010],  [010]  is  the 
slowest  direction  for  P-wase  in  olivine  single  crystals. 


Conclusions 

(1)  Seismic  anisotropy  in  the  mantle  peridotites  is  primarily  a  result  of  olivine  preferred 
orientation.  Measured  and  calculated  velocity  anisotropies  of  the  mantle  peridotites 
from  the  Vitim  xenoliths  compare  fairly  well.  The  correspondence  between  the 
measured  and  calculated  shear  wave  splitting  data  is  generally  less  pronounced, 
probably  because  the  LPOs  of  the  cpx  fraction  have  not  been  included  in  the 
calculation.  In  addition,  grain  boundary  effects  (interstitial  quenched  melt,  uncomplete 
crack  closure)  could  have  an  effect  on  shear  wave  polarization. 
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(2)  The  experimentally  determined  P-wave  anisotropies  of  the  mantle  xenoliths  are  in  the 
same  range  as  the  P-wave  anisotropies  measured  on  mantle  peridotites  from  massifs. 

(3)  The  seismic  properties  of  the  few  Vitim  xenoliths  examined  seem  to  indicate  a  very 
slight  increase  of  Vp  and  a  significant  decrease  of  Vp  anisotropy  and  shear  wave 
birefringence  across  the  transition  spinel  to  garnet  peridotite. 


FIGURE  CAPTIONS 


Fig.  1:  Pole  figures  of  olivine  [100]-,  [010]-,  and  [001]-axes  for  the  Vitim  tuff  xenoliths 
presented  on  equal  area  projection. 


Fig.  2:  3D  calculations  of  P-  wave  velocities  (left),  variations  of  shear  wave  splitting 
(middle),  and  orientations  of  the  polarization  plane  of  the  fast  split  shear  wave  (right);  each 
short  arc  segment  is  a  part  of  a  great  circle  corresponding  to  the  orientation  of  the 
polarization  plane.  Also  shown  is  the  modal  composition  of  the  rock. 


Fig*  1 


Fig.  2 
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GEOLOGY  AND  EXPLORATION  OF  KIMBERLITES  ON  THE  BHP  /  DIA  MET 
CLAIMS,  LAC  DE  GRAS  REGION,  NORTHWEST  TERRITORIES,  CANADA 

Carlson1,  J.A.,  Kirkley2,  M.B.,  Ashley2,  R.M.,  Moore2,  R.O.,  Kolebaba2,  M.R. 

1.  Dia  Met  Minerals  Ltd.,  1695  Powick  Road,  Kelowna,  B.C.,  Canada,  V1X  4L1 

2.  BHP  Diamonds  Inc.,  1697  Powick  Road,  Kelowna,  B.C.  Canada,  V1X  4L1 

A  total  of  thirty  nine  kimberlites  have  been  discovered  on  the  BHP  /  Dia  Met  claim 
block  (“Exeter  Lake  Property”)  located  300  kilometers  NNE  of  Yellowknife,  Northwest 
Territories,  Canada.  This  paper  describes  the  regional  setting  and  geology  of  the  kimberlites  and 
summarizes  the  exploration  methods  used  by  the  BHP  /  Dia  Met  joint  venture. 

The  Lac  de  Gras  kimberlites  intrude  the  Slave  Structural  Province  (Fig.  1 ) ,  one  of 
several  Archean  cratons  which  represent  continental  nuclei  for  the  geological  evolution  of  North 
America.  The  Slave  is  a  relatively  small  craton  (180,000  km2)  with  an  extensive  and  unique 
history.  In  addition  to  containing  the  earth’s  oldest  known  rocks  (3.96  Ga),  the  Slave  differs 
significantly  from  younger  Archean  granite-greenstone  terranes  in  its  constituent  rocks  and 
contacts  with  bordering  Proterozoic  orogenic  belts.  Recent  multidisciplinary  studies  have 
produced  compelling  evidence  favoring  a  subduction-accretionary  model  for  the  formation  of  the 
Slave  craton  (Davis  et  al,  1994). 

Archean  rocks  in  the  property  area  can  be  divided  into  three  broad  lithostratigraphic 
groups:  metasedimentary  schists,  migmatites  and  various  syn-  and  post-tectonic  intrusive 
complexes.  Five  Proterozoic  dike  swarms  with  ages  varying  from  2.4  -  1.27  Ga  intrude  the 
Archean  sequence.  The  diabase  and  gabbro  dikes  vary  in  width  from  5m  to  1 00m  and  are  often 
continuous  for  hundreds  of  kilometers. 

Kimberlites  are  the  only  Phanerozoic  rocks  known  in  the  Lac  de  Gras  region,  although 
fossil-bearing  mudstone  xenoliths  within  the  kimberlite  indicate  that  sediments  must  have 
formed  a  thin  veneer  over  the  older  rocks  at  the  time  of  kimberlite  emplacement.  Fossils  from 
the  xenoliths  include  dinoflagellates,  pollen,  spores,  wood  and  teleost  fish  parts  and  provide 
evidence  that  the  kimberlites  were  emplaced  in  early  Tertiary  time  (Nassichuk  and  McIntyre, 
1995).  A  Rb/Sr  isochron  yielded  an  Eocene  age  of  approximately  52  Ma  for  phlogopite  within 
one  of  the  kimberlites. 

Till  is  the  most  extensive  glacial  deposit  in  the  Lac  de  Gras  area  and  correlates  with  late 
Wisconsinan  Laurentide  Ice.  Glaciofluvial  deposits  are  widespread  and  take  the  form  of  eskers 
and  related  kames.  Direction  of  glacial  transport  likely  took  place  first  to  the  southwest, 
followed  by  flow  to  the  west  and  most  recently  by  flow  to  the  northwest. 

In  comparison  with  South  African  kimberlites,  the  Exeter  Lake  property  kimberlites 
exhibit  several  petrologic  differences.  Firstly,  many  of  the  kimberlite  craters  are  intact. 

Secondly,  the  diatreme  facies  kimberlites  only  locally  contain  more  than  1 5  volume  %  country 
rock  fragments,  and  are  typically  olivine-rich  with  up  to  50  volume  %  olivine.  Hypabyssal 
kimberlites  on  the  property  have  mineral  assemblages  comparable  to  the  Group  I  South  African 
kimberlites  but  intrude  into  upper  diatreme  zones  in  some  pipes.  Several  of  the  pipes  contain 
crater  facies  which  grade  downwards  with  gradually  decreasing  quartz  contents,  increasing 
olivine  contents  and  increasing  grain  size  into  coarse  grained  olivine-rich  kimberlites.  These 
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characteristics  reflect  the  different  exposure  levels  and  possibly  different  emplacement 
mechanisms  than  South  African  pipes. 

The  early  stages  of  exploration  for  diamonds  in  the  NWT  consisted  of  territory-wide 
regional  heavy  mineral  sampling  from  fluvial  and  glaciofluvial  sediments  on  a  scale  of  tens  of 
kilometers.  Initial  ground  geophysical  test  surveys  pinpointed  the  target  under  Point  Lake  and 
prompted  the  flying  of  the  entire  property  with  helicopter-borne  total  field  magnetics  (TFM), 
electromagnetics  (EM),  and  very  low  frequency  electromagnetics  (VLF).  The  numerous  targets 
defined  from  the  airborne  geophysics  were  prioritized  for  drilling  by  collecting  till  samples  at 
250  m  intervals  along  lines  perpendicular  to  the  dominant  ice  flow  direction.  The  extent  and 
chemistry  of  the  indicator  mineral  (pyrope  and  eclogitic  garnets,  chromites,  ilmenites,  chrome 
diopsides)  dispersion  trains  were  evaluated.  Ground  geophysics  including  TFM,  EM,  VLF, 
gravity,  seismic  and  ground  penetrating  radar  have  enabled  more  precise  kimberlite/non¬ 
kimberlite  target  discrimination  and  estimates  of  pipe  size. 

Core  drilling  programs  have  been  used  to  confirm  36  of  the  39  kimberlites  on  the  Exeter 
Lake  Property  and  have  provided  samples  for  microdiamond  and  kimberlite  indicator  mineral 
analysis.  Targets  were  drilled  with  an  eighty  percent  success  rate  and  in  most  cases  with  a  single 
hole  that  also  provided  a  check  on  the  interpreted  perimeter  outlines.  A  few  of  the  kimberlites 
crop  out  and  were  confirmed  as  a  result  of  geological  mapping,  and  therefore  were  sampled  from 
the  surface.  However,  most  of  the  known  pipes  are  overlain  by  lake  water  and  sediments. 

Kimberlite  pipes  were  selected  for  initial  bulk  sampling  primarily  based  on 
microdiamond  and  indicator  mineral  analyses  of  the  core  or  surface  samples.  Perimeter  outlines 
from  ground  geophysics  provided  a  means  for  designing  reverse  circulation  drill  hole  (15  and  27 
cm  bit  diameter)  patterns  to  obtain  representative  initial  bulk  samples  without  the  need  for 
delineation  core  drilling.  The  samples  (typically  50  to  200  tonnes)  were  processed  in  a  10  tonne 
per  hour  dense  media  separation  plant  which  was  constructed  on  site.  Fifteen  of  the  thirty  nine 
kimberlite  pipes  have  been  bulk  sampled  to  date. 

Large  bulk  samples  up  to  about  7,000  tonnes  have  been  processed  on  site  from 
underground  workings  and  large  diameter  reverse  circulation  drilling  programs  for  more  accurate 
estimation  of  diamond  grade  and  quality.  Tonnage  estimates  have  been  refined  through 
delineation  core  drilling.  Commercial  quantities  and  qualities  of  diamonds  have  been  indicated 
for  five  pipes  on  the  Exeter  Lake  Property  and  the  project  is  currently  at  feasibility  stage. 
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Figure  1.  Map  showing  the  geological  setting  of  the  BHP  /  Dia  Met  Exeter  Lake  Property. 


Source: 

GSC  Open  File  2559  "Geology,  Slave  Craton  and  Environs,  District  of  Mackenzie,  NWT" 
Drafted  by  David  Bruce,  April  1995 
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PRELIMINARY  GEOTHERMOBAROMETRIC  AND  METASSOMATISM  STUDIES  ON  MANTLE 
XENOLITHS  OF  KIMBERLITES  AND  ASSOCIATED  ROCKS  FROM  THE  ALTO  PARANAIBA, 

SE  BRAZIL. 

Carvalho1'2,  J.B.and  Leonardos1,  O.H. 

1.  Instituto  de  Geociencias,  Universidade  de  Brasilia.  70910-970, 
Brasilia-DF,  Brazil. 

2.  CPRM-Brazilian  Geological  Survey.  Av. Brasil,  1731.  30140-002,  Belo 
Horizonte-MG,  Brazil. 

Introduction.  The  Upper  Cretaceous  Alto  Paranaiba  Igneous  Province  in  SE 
Brazil  lies  within  the  alloctonous  Upper  Proterozoic  Brasilia  Mobile 
Belt  (circa  800-550  Ma) .  This  belt  is  thin  skinned  over  the  Sao 
Francisco  Craton,  the  deep  limits  of  which  are  not  yet  precisely 
defined.  The  magmatism  of  this  Province  is  characterized  by 
contemporaneous  mafic  to  ultramafic,  potassic  to  ultrapotassic  rocks  of 
kamafugitic,  lamproitic  and  kimberlitic  magma  types  and  carbonatite 
complexes  in  one  of  the  largest  volume  potassic  volcanism  in  the  world 
(Gibson  et  al .  1995). 

The  methodology  in  the  present  study  included  careful  sampling, 
treatment  and  detailed  petrographic  and  chemical  mapping  of  the  mantle 
xenolith's  mineral  grains  from  six  pipes  of  kimberlitic  (Tres  Ranchos), 
kamafugitic  (Indaia,  Pantano,  Serra  do  Bueno)  and  lamproitic  (Mata  do 
Lencpo,  Bocaina)  nature.  The  xenoliths  seldom  exceed  3  cm  in  diameter, 
being  often  present  as  microxenoliths  (0.3  to  1.6mm) .  They  can  be 
preliminary  divided  into  the  following  main  groups:  a)  garnet 
lherzolites,  b)  phlogopite  peridotites  and  phlogopitites  associated  with 
chromite,  or  ilmenite,  or  Al-spinel  and  c)  layered  pyroxenites  and 
dunites  (not  described  here) .  Eclogite  xenoliths  were  not  found. 

Garnet  lherzolites.  Garnet  lherzolites  and  garnet  xenocrysts  were 
extracted  from  the  Tres  Ranchos  kimberlitic  pipe.  The  xenoliths  show 
equilibrated  coarse  or  tabular  granoblastic  and  non-equilibrated 
textures  with  zones  of  olivine  neoblastesis  and  pyroxene  alteration. 
Within  the  equilibrated  textures  the  pyroxene  grains  show  a  constant 
core  composition  with  no  or  only  minor  border  variations.  These 
xenoliths  are  low- temperature  garnet  peridotites  similar  to  those 
described  by  Boyd  (1987)  for  the  Kaapvaal  Craton.  Garnet  macrocrysts  are 
Ca-Cr  pyropes  (G9)  which  plot  within  the  normal  lherzolite  trend  towards 
knorringite  composition  (more  Cr  than  Ca  enrichment) . 

P-T  estimates  for  the  equilibrated  mineral  cores  of  two  garnet 
lherzolite  xenoliths  using  the  BK(90)  geothermobarometer  (Brey  &  Kohler 
1990)  yield  pressure  values  of  60.1  and  63.5  kb  and  temperatures  of  1072 
and  1092 °C,  within  a  geotherm  around  36  mW/m2,  well  within  the  diamond 
field  and  confirming  our  preliminary  results  (Leonardos  et  al.  1993). 
Equilibration  temperatures  for  garnet  xenocrysts  with  inclusions  of 
diopside  confirm  these  very  low  mantle  temperatures  and  matches  those 
found  by  Esperanqa  et  al .  (1994).  Therefore,  the  lithospheric  mantle 

beneath  Tres  Ranchos  region  seems  to  be  very  deep  and  cold  in  relation 
to  other  world  wide  "peri-cratonic"  regions.  As  suggested  by  seismic 
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studies  of  SE  Brazil  (James  et  al .  1993)  there  is  no  thermal  anisotropy 
at  least  down  to  200  km. 

Phlogopite  peridotites  and  phlogopitites.  Small  phlogopite-bearing 
xenoliths  that  seldom  attain  1.5  cm  in  diameter  are  ubiquitous  in  most 
pipes.  These  xenoliths  are  formed  by:  a)  infiltration  of  phlogopite 
associated  with  Al- spinel  or  ilmenite  or  chromite  in  anhydrous 
peridotite  paragenesis;  b)  phlogopite -chromite  or  phlogopite- ilmenite 
with  intercumulus  diopside  showing  ortho  and  adcumulate  textures;  c) 
phlogopite  harzburgites  with  no  infiltration  texture. 

The  phlogopite  chemistry  shows  a  continuum  between  a  more 
primitive  Al-rich,  Ti-poor  type  and  evolved  Ti-rich  type  with  higher  Al 
contents.  The  phlogopites  in  garnet  keliphitic  borders,  along  fractures 
and  as  rims  on  the  Al-Ti  rich  phlogopites  show  a  strong  trend  towards 
Al-Ti  poor  members.  Such  trend  together  with  oxide  compositional  trends 
suggest  an  evolution  of  the  phlogopite  paragenesis  from  chromite-  to 
ilmenite-  to  Al-spinel-bearing  assemblages. 

The  diopsides  associated  with  these  assemblages  show  a 
corresponding  variation  in  their  Ca  content.  Low  Ca  diopsides  (#Ca=0.74 
to  0.80)  are  related  to  garnet,  medium  Ca  diopsides  (#Ca=0 . 79-0 . 86)  to 
ilmenite  and  chromite  paragenesis  and  high  Ca  diopsides  (#Ca=0.9  to 
0.97)  to  Al-spinel  phlogopite  infiltration  in  peridotites.  This  probably 
means  that  the  higher  calcium  content  of  the  diopside  in  metassomatic 
paragenesis  the  shallower  is  the  metassomatic  process. 

The  observed  transformation  of  enstatite  in  the  Indaia  I 
phlogopite  harzburgite  into  endiopside  when  in  contact  with  phlogopite, 
together  with  the  Ca-diopside  enrichment  trend,  show  that  Ca- 
metassomatism  is  an  important  process  in  the  kamafugite  magma  genesis  as 
previously  suggested  by  Gibson  at  al.  (1995),  but  the  process  may  be 
produced  by  K-Ca  rich  silicate  fluids  rather  than  a  carbonate  melt.  Ca- 
metassomatism  appears  to  be  exclusively  related  to  the  phlogopite-oxide 
infiltration,  as  the  xenoliths  seldom  contain  carbonate -phases  and  no 
Cpx  infiltration  or  enstatite  reaction  with  dolomite  were  found. 

The  evolutive  trend  for  phlogopites  in  the  xenoliths  are  also 
shared  by  matrix  phlogopites  of  the  host  rocks,  suggesting  a  direct 
relation  between  them  and  that.  At  least  part  of  the  mantle  infiltration 
processes  is  related  to  the  Alto  Paranaiba  magma  genesis,  as  also 
suggested  by  Tallarico  &  Leonardos  (this  volume) . 

Discussion.  The  suggested  chemical  continuum  between  cumulate  and 
infiltrated  mestassomatic  assemblage  (with  Al-spinel)  types  here 
described  imply  that  fluid  interaction  with  peridotite  minerals  and/or 
silicate  melt  fractionation  took  place  from  deep  to  shallow  levels  in 
the  mantle,  as  some  indication  of  depth  is  given  by  the  presence  or 
absence  of  Al-spinel.  It  is  possible  that  mantle  heterogeneities  are 
more  strongly  related  to  vertical  than  to  lateral  distribution  of 
metassomites . 

The  silicate  "melt"  originating  magmatic  phlogopitites  with 
ilmenite  or  chromite  plus  diopside  is  obviously  enriched  in  K,  Ca,  Al, 

Fe  and  Ti  to  some  extent,  and  so  it  would  be  the  "fluid"  related  to 
infiltration  processes.  The  presence  of  C  and  S  in  the  metassomites  are 
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also  indicated  by  carbonate  (barium  dominated,  Tallarico  1993  unpub 1 . 
thesis)  and  sulfate  (Sr  dominated)  exsolution  lamellae  in  more  evolved 
high  Al-Ti  phlogopites.  Some  of  these  incompatible  elements  may  have 
been  provided  by  the  plume  activity.  Interaction  between  astenospheric 
and  lithospheric  isotopic  reservoirs  or  melting  of  variably  enriched 
portions  of  the  lithosphere  is  proposed  for  the  Alto  Paranaiba  potassic 
rocks  by  Bizzi  et  al .  (1994) .  However,  the  evolution  of  the  fraction 

melts  produced  after  the  plume  thermal  impact  may  have  comprised  more 
complex  processes  to  the  generation  of  such  a  range  of  magma  types  in 
the  Province,  involving  fractional  crystallization  as  suggested  by  the 
presence  of  magmatic  mantle  xenoliths  chemically  related  to  the  hosts. 
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Finds  of  diamond  and  its  genetic  accessories  in  terrigenous  complex  of  rocks 
made  it  possible  to  forecast  regions  of  a  probable  manifestation  of  kimberlite 
magmatism  at  the  territory  of  the  Ukraine.  The  scietific  forecast  has  been  confirmed  by 
a  zone  of  joint  of  Priazovski  (Near-Azov)  mass  with  Donbass  and  polymictic  breccias 
with  fragments  of  kimberlites  at  the  territory  of  the  North  Volyn  in  70’s. 

During  further  prospecting  work,  already  within  the  limits  of  the  Priazovski  mass 
three  kimberlite  pipes  and  dyke,  conjugated  with  one  of  pipes,  bedding  in  granitoids  of 
Pre-Cambrian  basement,  have  been  discovered. 

The  Petrovskoe  kimberlite  body,  with  dimensions  280x150  m,  is  traced  to  the 
depth  of  30  -  60  m  and  and  is  underlied  by  sandy-carbonaceous  rocks  of  Nikolaev  suite 
in  Middle  Devonian.  In  connection  with  the  fact,  that  during  prospecting  work  incurred 
canals  have  not  been  established,  it  was  supposed  that  kimberlite  body  had  been 
broken  away  from  its  roots  by  geodynamical  processes. 

Kimberlites  are  characterized  by  porphyraceous  structure  with  two  generations 
of  olivine  phenocrysts,  size  of  which  reaches  5  -  7  mm,  and  by  rather  high  (up  to  some 
%)  content  of  chloritized  phlogopite.  The  groundmass  is  fine-grained  and  intensively 
carbonatized.  The  typical  accessory  minerals  are  chromespinels  and  pyrope.  The 
peculiarity  of  kimberlites  is  sharp  prevalence  of  chrome-spinels  both  over  pyrope  and 
another  heavy  minerals.  According  results  of  microprobe  determinations,  the  chrome 
content  in  chrome-spinels  does  not  exceed  57  mass%.  Among  pyropes  rose-violet 
varieties  with  chrome  content  up  to  7,3  mass%  prevail. 

From  pipe  bodies,  within  the  limits  of  Priazovski  mass  the  Nadiya  pipe  with 
irregulary-oval  shape,  with  dimensions  of  60  x  30  m,  was  found  the  first;  the  second 
one  was  the  Yuzhnaya  pipe,  with  complex  amoeba-like  shape,  with  dimensions  of  150- 
300m;  the  third  one  was  the  Novolaspinskaya  pipe,  with  an  oval  shape  and  dimensions 
of  40  -  100m.  Dyke  is  conjugated  with  the  Novopavlovskaya  pipe  and  is  traced  on 
300m  in  the  west-south-western  direction  with  general  dip  to  south-south-east  under 
the  angle  70-80°  Tentative  thickness  of  the  dyke  is  10-15  m. 

Kimberlites  break  sub-alkaline  granitoids  of  Middle  Proterozoic  eastern- 
Priazovski  complex  and  they  are  overlapped  only  by  Quaternary  loams  with  thickness 
from  0,5  m  in  the  central  part  of  the  first  pipe  to  8  - 1 1  m  on  the  other  kimberlite  bodies. 
By  their  age,  kimberlites  belong  to  Fransian  of  Upper  Devonian. 
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Rocks  of  pipes  and  dykes  are  composed  by  xenotuff  breccias,  eruptive  breccia 
and  massive  kimberlites  of  porphyritic  structure.  In  separate  cases  rather  considerable 
contents  of  autoliths  are  observed.  In  all  mentioned  bodies  large  laths  of  chloritized  and 
vermiculitized  mice-phlogopite  are  developed. 

Rocks  have  typical  porphyric  structure.  Phenocrysts  are  represented  by 
aggregates  of  epigenetic  minerals  on  olivine  grains  with  subidiomorphic  and  oval 
contours  and  on  tabular  grains  of  light  coloured  mica. 

Size  of  phenocrysts  is  from  1  to  10  mm.  Quantitatively  they  constitute  up  to  30  - 
40%  of  a  rock  volume,  with  phlogopite  and  olivine  ratio  1:3.  As  a  whole,  rocks  are 
intensively  serpentinous,  carbonatized  and,  in  sections,  saponitized.  In  upper  horizons 
of  all  bodies  kimberlites  are  decomposed  up  to  clay-like,  amorphous  masses.  The 
characteristic  feature  of  considered  kimberlites,  in  contradistinction  to  kimberlites  of  the 
Petrovskoe  body,  is  sharp  prevalence  of  picroilmenite  in  heavy  fractions  of  rock,  which 
often  forms  nodules  with  size  of  4-5  cm.  Many  picroilmenite  segregations  have  original 
granulated  structure.  Microprobe  study  of  granules  showed  zonal  change  of  their 
composition,  with  this,  external  zones  are  sharply  enriched  with  manganese,  and 
internal  zones  -  with  magnesium. 

Diamond  was  not  established  in  kimberlites  by  their  preliminary  sampling. 

Finds  of  kimberlite  fragments  and  pyrope  eclogites  in  polymictic  breccias  of  the 
Northern  Volyn’  are  of  the  particular  interest. 

Breccias  are  confined  to  Kukhotskovolskaya  and  Serkhovskaya  fault  zones, 
subparallel,  at  the  distance  about  20  km,  and  are  stretched  in  a  latitudinal  direction.  By 
structural-textural  features  and  by  chemical  composition  three  types  of  kimberlites  are 
distinctly  distinguished:  magnophyric,  finely-phyric  and  distinctly-phyric  with  high 
content  of  fine-dispersed  ore  matter,  represented  by  magnetite. 

In  composition  of  kimberlites  and  breccias,  containing  them,  all  typical  diamond 
accessories  were  established,  including  high-chrome  pyropes  with  knorringite 
components  up  to  27%. 

It  should  be  noted  the  existance  of  eccessory  minerals  aureoles  in  sedimentary 
rocks  on  areas,  adjacent  to  breccia  manifestations.  In  the  base  of  Cenomanian 
deposits  large  (up  to  3  -  4  mm)  grains  of  pyropes  and  picroilmenites  with  surfaces 
typical  of  original  kimberlites,  and  corresponding  to  diamond  facies  of  a  rock  by 
composition.  Thus,  existance  of  original  kimberlite  bodies  in  a  considered  region  does 
not  give  rise  to  doubts.  A  delay,  with  their  discovery  is  practically  connected  with  lack  of 
financing  of  corresponding  work. 

As  a  whole,  there  are  all  reasons  to  assert,  that  at  the  territory  of  the  Ukraine 
kimberlite  magmatism,  including  its  diamondiferous  facies,  has  been  widely  manifested 
itself. 
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Location 

The  Southeastern  Raipur  Kimberlitic  Field  (SRKF)  is  one  of  three  diamond  bearing 
kimberlitic  provinces  in  peninsular  India,  the  other  two  being  Panna  in  northern  Madhya 
Pradesh  and  Wajrakarur  in  Andhra  Pradesh.  SRKF  (20°  1 1'N,  82°16'E)  is  located  in  the 
southeastern  part  of  Raipur  District  in  the  state  of  Madhya  Pradesh  in  Central  India,  135  km  SE 
of  Raipur  city.  Five  kimberlitic  diatremes  have  been  located  in  this  field  viz.,  Payalikhand  I 
and  II,  Bahradih,  Jangra  and  Kodomali,  the  first  three  being  diamond  bearing  (Jha  et  al., 

1995).  Exploration  activities  by  Geological  Survey  of  India  have  led  to  identification  of  more 
than  40  kimberlitic  indicator  anomaly  zones  in  the  SRKF  most  of  which  are  likely  to  be 
associated  with  distinct  kimberlitic  dykes. 

Tectonic  Setting 

SRKF  is  located  within  the  Eastern  Indian  Shield  close  to  the  contact  between  granite 
greenstones  of  the  Archean  Bastar  cratonic  nucleus  (BC)  in  the  west  and  granulite  terrain  of  the 
lower  to  Mid  Proterozoic  Eastern  Ghats  Mobile  Belt  (EGMC)  in  the  east.  This  contact  is  also 
marked  by  occurrences  of  Middle  to  Late  Proterozoic  alkali  syenite  complexes.  The  Bastar 
cratonic  nucleus  is  overlain  by  Late  Proterozoic  platform  sediments,  the  Chattisgarh 
Supergroup,  deposited  in  two  cycles  of  1 100  -  900  Maand  700  -  450  Ma  in  different  sub¬ 
basins  uplifted  to  syneclises.  Xenolith  evidence  suggests  the  kimberlite  intrusives  are 
stratigraphically  sandwiched  between  these  two  cycles  of  sediments  along  the  western  shoulder 
of  the  Khariar  syncline.  This  implies  a  possible  Precambrian  emplacement  age  some  200-400 
Ma  years  younger  than  the  diamond  pipes  at  Panna  (1067+31  Ma)  and  Wajrakarur  (1091  ±20 
Ma)  (Kumar  and  Gopalan,  1992). 

Analysis  of  the  gravity  field  indicates  a  sharp  gradient  of  anomalies  at  the  BC  -  EGMB 
boundary  suggested  as  due  to  a  mantle-reaching  faulted  contact  between  the  two.  An  easterly 
dipping  double  MOHO  in  the  immediate  vicinity  of  this  contact  has  been  interpreted  from 
available  DSS  studies.  This  has  been  explained  in  terms  of  overthrusting  of  EGMB  over  the 
Bastar  Craton  and  possible  delamination  of  the  EGMB  at  the  crust  -  mantle  boundary  during 
Early  to  Mid  Proterozoic  times.  Fracture  pattern  analysis  of  SRKF  indicates  that  all  the 
kimberlites  occur  on  intersections  of  N-S  and  E-W  trending  fractures  with  a  NW-SE  trending 
lineament,  named  the  Bahradih  -  Payalikhand  (BP)  lineament.  Heat  flow  data  indicate  that 
SRKF  currently  lies  on  the  zone  of  lowest  heat  flow  in  the  subcontinent  at  40  mW/m2, 
implying  the  existence  of  cool,  rigid  and  stable  continental  crust,  brittle  enough  to  sustain  deep 
reaching  fractures. 

Kimberlite  -  Occurrences 

The  kimberlite  diatremes  of  the  SRKF  are  approximately  circular  in  plan,  varying  in 
diameter  from  300  m  (Bahradih,  Kodomali)  to  100  m  (Payalikhand  I)  to  50m  (Jangra, 
Payalikhand  I).  Most  of  the  kimberlites  are  weathered  near  surface  to  "green  earth",  a  smectite 
rich  clay,  because  of  prevailing  semi-humid  tropical  conditions.  All  the  occurrences  expose 
diatreme  facies  kimberlite  breccia  and  tuff-breccia  except  Kodomali,  which  has  been  interpreted 
as  a  hypabyssal  facies  intrusive.  The  rocks  contain  abundant  xenoliths  which  include  country 
rocks,  sunken  pyroclastics,  autoliths  of  precursor  kimberlite,  and  peridotite  mantle  nodules. 
Features  like  pelletal  lapilli  and  nucleated  autoliths  have  also  been  recognised. 
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Petrography 

All  the  diatremes  exhibit  gross  clast-matrix  texture,  with  macrocrysts  of  olivine  of  two 
generations,  phlogopite,  spinels,  clino-  and  ortho-pyroxenes.  Other  macrocrysts  include 
pyrope,  diamonds,  and  extremely  rare  picro-ilmenite.  The  clasts  and  macrocrysts  are 
embedded  in  a  matrix  of  fine  groundmass  serpentine,  plus  minor  or  accessory  spinel, 
phlogopite,  perovskite  and  microlytic  clinopyroxene.  At  Kodomali  the  groundmass  is 
dominated  by  fine  laths  of  clinopyroxene  with  patches  of  phlogopite  and  rare  tetra-ferri- 
phlogopite,  whilst  groundmass  olivine  or  serpentine  is  totally  absent.  A  feature  of  Kodomali  is 
the  occurrence  of  syenite  xenoliths,  often  showing  alteration  rims  suggestive  of  reaction  with 
the  surrounding  kimberlite.  Noticeably  absent  from  SRKF  are  any  minerals  characteristic  of 
lamproite  such  as  richterite,  priderite,  wadeite. 

Mineral  Chemistry 

The  pyrope  chemistry  is  dominated  by  a  calcic  lherzolitic  variety  corresponding  to 
cluster  group  G9  of  Dawson  and  Stephens  (1975).  Between  1%  and  5%  of  garnets  in  the 
kimberlites  belong  to  the  low  Ca  harzburgitic  (G10)  category.  Other  species  present  include  a 
few  eclogitic  (G3,  G4,  G5)  and  iron-titanian-low  calcium  (G1  and  G2)  garnets. 

Brown  red  to  opaque  macrocrystal  spinels  and  primary  groundmass  spinels  are 
observed  in  all  the  kimberlitic  occurrences.  A  minor  content  of  spinel  formed  as  reaction  or 
replacement  products  during  serpentinisation  of  olivine.  The  spinels  vary  in  composition  from 
magnesiochromite  to  chrome  spinel,  typical  of  kimberlites.  About  10  to  15%  of  the 
macrocrysts  from  Bahradih  and  Payalikhand  resemble  in  their  high  chrome  chemistry  spinels 
from  diamond  inclusions  and  intergrowths.  Chrome  content  varies  from  25%  to  about  65% 
indicating  probable  derivation  from  a  large  depth  range  within  the  Upper  Mantle.  Most  of  the 
macrocry st  spinels  are  zoned  with  rims  exhibiting  increased  Ti02  (up  to  4%)  and  Fe203  (up  to 
15%)  with  associated  decrease  in  AI2O3  but  relatively  little  change  in  Fe2+/Mg  ratio. 

The  clinopyroxene  assemblage  is  dominated  by  an  emerald  green  to  bright  grass  green 
coloured  calcic  variety.  A  small  proportion  (about  10  to  15%)  of  the  calcic  clinopyroxenes  are 
of  the  MARID  type.  Subcalcic  clinopyroxene  occurs  in  noticeable  numbers  in  Payalikhand  I 
(approx.  40%).  Meg'acryst  facies  clinopyroxenes  are  rare  and  are  subcalcic  in  nature. 

Orthopyroxenes  (mg  0.905-0.938;  AI2O3  0.62-3.91%)  are  pale  green,  depleted  low 
temperature  lherzolitic  varieties  similar  to  those  in  xenoliths  from  lithospheric  upper  mantle. 
Numerous  dull  bottle  green  megacrystic  enstatite  have  been  recognised  in  the  Kodomali 
kimberlitic  diatreme. 

Macrocryst  olivine  grains  of  pale  green  colour  are  forsteritic  with  a  restricted  range  of 
composition  indicating  derivation  from  peridotitic  or  mantle  sources. 

Ilmenite  is  extremely  rare  in  SRKF  and  has  chemistry  similar  to  those  from 
metasomatised  upper  mantle  peridotite. 

Kimberlite  -  Geochemistry 

Available  analyses  of  the  diatreme  rocks  are  of  intensely  weathered  near-surface  "green 
earth"  material.  Nevertheless,  the  major  element  bulk  geochemistry  is  within  the  range  for 
kimberlite,  except  for  high  Si02  (up  to  45%),  which  may  represent  contamination  by  crustal 
materials.  Fresh  magmatic  rock  was  analysed  from  Kodomali  where  the  elevated  Si02  content 
(43%)  parallels  the  modal  dominance  of  clinopyroxene  in  the  groundmass  mineralogy.  These 
rocks  are  distinctively  richer  in  Si02  than  average  kimberlite,  and  higher  than  the  Indian 
occurrences  of  Panna,  Maddur  and  Wajrakarur.  Low  CaO  and  CO2  values  rule  out 
classification  as  an  ultramafic  lamprophyre  (as  defined  by  Rock,  1991)  and  reflect  the  lack  of 
carbonates  as  also  evidenced  in  the  petrography  of  these  rocks. 
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SRKF  compatible  trace  element  geochemistry  is  within  the  normal  kimberlite  range  and 
analytical  variations  correlate  with  modal  proportions  of  olivine  and  spinel.  Most  incompatible 
trace  elements  show  values  comparable  with  kimberlite  and  are  not  as  elevated  as  for  lamproite. 
However,  highly  incompatible  elements  like  Ba,  Rb  and  Th  show  positive  spikes  with  respect 
to  average  kimberlite  data.  The  chondrite  normalised  REE  data  of  SRKF  kimberlites  are  all 
light  REE  enriched  and  heavy  REE  depleted  as  in  most  potassic/ultrapotassic  mantle 
derivatives. 

Discussion 

SRKF  kimberlites  were  intruded  during  a  world  wide  kimberlite  emplacement  event  in 
the  early  part  of  the  Late  Proterozoic  in  a  characteristic  geotectonic  setting  which  includes 
stabilised  Archean  craton,  supracrustal  platform  sedimentary  rocks  overlying  cool,  rigid 
lithospheric  keel  with  deep  reaching  fractures.  A  tensional  stress  regime  following  the 
deposition  of  the  platform  sediments  facilitated  the  upward  movement  of  kimberlite  magma  and 
its  emplacement  into  fracture  and  fault-controlled  lineaments  in  the  upper  levels  of  the  crust. 
These  kimberlites  occur  close  to  the  junction  of  BC  with  overthrust  EGMB,  the  latter  possibly 
being  delaminated  from  the  mantle  at  depth.  Xenocryst  chemistry  shows  evidences  of 
sampling  from  asthenospheric  upper  mantle  upwards.  Enigmatic  syenite  xenoliths  in  the 
Kodomali  kimberlite  suggest  a  possible  genetic  alliance  between  the  kimberlites  and  Middle  to 
Late  Proterozoic  alkali  syenite  occurrences  nearby  along  the  EGMB  -  BC  junction.  The  SRKF 
rocks  are  tentatively  classified  as  kimberlite,  but  as  this  identification  is  largely  based  on 
petrography,  mineralogy,  and  geochemistry  of  highly  weathered  material,  final  identification 
must  await  availability  of  fresher  samples,  especially  from  the  diatreme  occurrences. 
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EXPERIMENTAL  SIMULATION  OF  DIAMOND  GENESIS 
Chepurov.  A.I.,  Fedorov,  1. 1.,  Sonin,  V.M. 
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According  to  the  therbarometric  data  the  majority  of  natural  diamonds 
crystallized  at  the  temperatures  900-1400°C  and  pressures  50-60  kbars.  It  was 
experimentally  shown  that  diamond  formation  at  P-T  parameters  occurs  only  in 
presence  of  the  native  transitional  metals.  However,  the  first  supposition  that  natural 
diamonds  crystallized  from  the  metal-carbonic  metals  was  not  admitted  by  geologists. 
Our  experimental  data  allowed  us  to  examine  this  problem  moregroundly. 

The  largest  differences  from  the  natural  diamonds  can  be  observed  in  the 
diamonds  produced  by  synthesis  from  graphite.  The  differences  are  stipulated  by  high 
speed  of  carbon  transportation  from  graphite  to  diamond  that  is  not  typical  to  the 
natural  processes.  Different  speeds  of  diamond  growth  may  be  experimentally  realised 
by  method  of  recrystallization  of  diamond  in  the  metal-carbonic  systems.  Using  this 
method,  and  also  combining  it  with  the  following  partial  dissolution  of  crystals,  there 
were  obtained  the  majority  of  morphological  analogs  of  natural  diamonds.  The 
properties  of  the  recrystallized  diamonds  are  close  to  the  natural  ones.  They  differ  from 
the  natural  diamonds  in  form  of  coming  in  structure  of  admixtured  nitrogen  and'by 
high  content  of  metal  inclusions. 

The  differences  between  the  natural  and  recrystallized  diamonds  disappear  after 
the  swelling  of  recrystallized  diamonds  at  high  P-T  parameters.  Metal  inclusions,  unlike 
sulphide  or  silicate,  migrate  at  high  temperatures  in  volume  of  the  diamond  crystals, 
and  may  come  to  the  surface  of  the  crystal  ;  it  leads  to  purification  of  the  crystal  from 
that  inclusions.  At  high  P-T  parameters  the  nitrogen  C-centers  in  the  synthetic 
diamonds  convert  into  the  A- centers,  which  are  typical  to  the  natural  diamonds. 

It  can  be  supposed,  that  crystallization  of  the  natural  diamonds  occurred  in  the 
complex  silicate-sulphide-metal-carbonic  systems.  This  process  is  experimentally 
demonstrated  by  the  diamond  synthesis  from  the  sulphide-graphite,  fayalite-graphite 
and  magnetite-graphite  mixtures,  which  were  partially  reduced  by  hydrogen  or  titan  at 
P-T  parameters  of  the  diamond  stability.  It  was  also  shown  the  possibility  of  formation 
of  clinopyroxenites,  disthene-  and  coesite-bearing  eclogites  during  the  interaction  of 
eclogites  of  different  composition  with  hydrogen  at  high  P-T  parameters. 

The  existence  of  the  native  transitional  metals  requires  the  highly7  reducing 
conditions  of  environment.  It  was  calculated,  that  at  40-60  kbars  and  1000-1500°C  the 
C-O-H-S  fluid,  that  maintain  stability  of  the  diamond,  FeS,  native  iron  or  tenite 
consists,  mainly,  of  methane  (40-90  mol.%) ,  water  (5-30  moi.%)  and  hydrogen  (up  to 
10-15  mol.%).  Total  content  of  the  sulphur-maintained  components  (H2S,  CS2,  COS)  is 
less  than  1  mol.%. 

Basing  on  analysis  of  results  of  the  experimental  studies  and  data  on  the  natural 
diamonds,  the  four  stages  of  diamond  genesis  w  ere  distinguished: 

-  diamond  phase  formation  (diamond  synthesis) 

-  grow  th  of  perfect  monocrystals  (recrystallization  of  diamonds) 

-  annealing  of  diamonds  at  the  mantle  P-T  parameters  after  growth 

-  partial  dissolution  of  the  crystals  in  the  Earth’s  mantle  and  during  their  moving  to  the 
surface. 

In  different  natural  processes  some  stages  may  be  absent  or  repeated,  and  this 
stipulates  so  great  differences  of  properties  of  the  natural  diamonds. 
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DISTRIBUTION  AND  TECTONICS  OF  KIMBERLITES;  A  CRATON  /  OFF  CRATON 
STUDY  FROM  SOUTH  AFRICA 


Chevallier,  L. 

Council  for  Geoscience,  P.O.  BOX  572,  Bellville,  South  Africa. 

Introduction. 

Tectonics  of  kimberlites  is  studied  on  an  subcontinent  scale  in  order  to  understand  the  distribution  and  the 
mechanism  of  emplacement.  The  studied  area  is  400  by  200  km  and  streches  from  Sutherland  to  Britstown 
(Fig.l).  All  the  kimberlites  are  post  Karoo,  cretaceous  in  age  (Smith  et  al.,  in  press).  The  underlying 
basement  is  divided  into  three  distinct  zones:  the  Kaapvaal  craton  (Lower  Proterozoic),  the  Namaqua  Mobile 
Belt  (Middle  Proterozoic),  and,  sandwiched  in  between  is  a  group  of  rock  of  various  compositions  and  ages 
(Archean  and  Proterozoic),  bounded  by  faults  which  contrasting  magnetic  signature  can  be  followed  below 
the  Karoo  series  (Fig.  1,  inset). 

Many  occurences  were  mined  without  success  by  local  diggers  after  the  turn  of  the  century  but  their 
systematic  study  was  done  by  Robey  (1981)  who  revisited  and  resampled  most  of  the  locations  previously 
recorded  or  described.  Clark  et  al.  (1991)  summarized  isotopic  results  on  many  of  these  kimberlites.  Skinner 
et  al  (1994)  gave  a  detailed  account  of  the  geological  setting,  petrography,  geochemistry  and  isotopes 
chemistry.  Because  they  have  no  diamond  or  uneconomical  diamond  potential  they  did  not  received  all  the 
attention  needed  for  exhaustive  mapping.  This  paper  focuses  on  extensive  and  precise  mapping  of  the 
different  occurences  and  their  associated  tectonics. 


Tectonic  pattern. 

All  the  fractures  of  supposed  kimberlitic  origin  were  first  mapped  from  air  photograph  and  reported  on  1/50 
000  cadastral  map.  The  majority  of  them  were  then  checked  on  the  field.  They  often  form  zones  of  near 
vertical  parallel  dykes  and  associated  jointing,  some  20  to  50  m  apart,  that  can  be  followed  for  kilometers. 
Such  a  pattern  is  very  distinct  from  the  Karoo  dolerite  tectonic  print  and  was  already  described  by  Nixon  and 
Kresten  (1973)  for  the  Lesotho  kimberlites.  These  fractures,  0.5  to  2  m  wide,  often  show  strong  uplifting  of 
the  surrounding  karoo  bed  (sometimes  vertical).  They  reveal  stringers  of  very  decomposed  kimberlite, 
micaceous  calcrete  or  just  few  indicator  mineral  at  surface.  The  jointing  accompanying  these  fractures  do 
not  contain  igneous  material  except  for  few  mica  seen  in  some  of  the  fine  concentrates.  Blows  along  fractures 
are  quite  common.  They  are  few  metres  wide  and  often  reveal  large  amount  of  crustal  or  mantle  xenoliths 
and  megacrysts.  Pipes  are  less  common  and  usely  not  vey  large  (10  to  100  m).  They  can  form  positive 
(relatively  fresh  hypabyssal  kimberlite)  or  negative  (calcrete  depression)  topographic  features.  Many  of  these 
pipes  and  blows  have  been  dug  in  the  past.  The  final  map  of  fig.l  shows  three  major  kimberlite  provinces: 
Sutherland,  Victoria  West  and  Britstown. 

Sutherland  is  known  for  the  Salpeterkop  carbonatitic  complex  and  associated  olivine  melelitites,  patches  of 
kimberlites  and  ultrabasic  rocks  but  the  extension  of  the  kimberlitic  province  has  not  been  assessed  so  far. 
The  map  of  fig.l  shows  at  least  two  arcuate  mega-swarms  averaging  200  km  long  and  50  km  wide  and 
consisting  of  numerous  sub-units  of  closely  spaced  parallel  fractures. 

The  Victoria  West  province  consists  of  three  swarms:  1)  an  arcuate  NNE  swarm,  2)  widely  spaced  isolated 
NS  single  fractures  with  many  pipes  and  blows,  3)  a  NW  swarm  following  a  former  doleritic  fracture  system. 

The  Britstown  province  shows  an  arcuate  swarm  on  the  East  and  a  different,  more  diffused,  tectonic  style 
over  the  wedge  of  the  craton  margin. 
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Fig.l  Cretaceous  kimberlite-related  tectonics  in  the  Karoo  region. 


Discussion 

Looking  at  a  wider  portion  of  the  continental  crust  (fig.2)  and  using  similar  results  obtained  by  Greeff  (1968) 
on  the  Kimberley  area,  we  can  see  that  arcuate  swarms  is  the  major  tectonic  style.  It  can  not  be  explained 
in  term  of  any  conventional,  known,  plate  tectonic  processes.  It  is  believed  that  each  swarm  represents  a 
volcanic  unit,  comparable  to  a  central  volcano.  However,  they  were  not  generated  from  a  centred  magma 
body  but  from  the  mantle.  Their  shape,  therefore,  could  reflect  whirling  movement  inside  the  convective 
upper  mantle. 

Emplacement  ages  (Allsopp  et  al.,  1986;  Fitsch  and  Miller,  1983;  Smith, 1985;  Smith,  in  press)  are  consistent 
within  each  swarm,  taking  into  account  that  the  life  duration  of  a  volcanic  system  often  average  10  millions 
years.  Our  interpretation  is  also  consistent  with  Skinner  et  al’s  (1994)  geochemical  domains  within  the  craton 
margin  area. 
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The  nature  of  volatile  phases  present  in  the  Earth's  mantle  is  of  great  interest  to  geologists,  but 
sampling  these  volatiles  has  proved  problematic  as  most  fluid  inclusions  in  mantle  rocks  are  of 
secondary  origin  (Pasteris,  1987).  Diamond,  due  to  its  unrivalled  tensile  strength,  is  the  most 
likely  candidate  to  preserve  primary  fluid  inclusions,  and  numerous  mass  spectrometric  studies  of 
encapsulated  volatiles  have  been  published.  Nitrogen  has  been  recognized  as  a  significant  impurity 
in  Type  la  diamonds  (Kaiser  and  Bond,  1959);  in  addition,  the  presence  of  FLO,  CCL,  CH4,  Ar 
and  possible  Fh  and  CO  has  been  reported  by  Melton  et  al.,  (1972)  following  crushing 
experiments.  Flowever,  experiments  of  this  kind  are  extremely  susceptible  to  gas  contamination 
from  the  crushing  apparatus.  Further  doubt  is  cast  on  these  results  by  thermodynamic  modelling 
which  indicates  that  these  species  could  not  be  stable  in  the  proportions  reported,  at  the 
temperatures  and  pressures  required  for  diamond  crystallization  (Taylor,  1988). 

Chrenko  et.  al.  (1967)  first  reported  the  presence  of  FLO  and  carbonate  in  fibrous  diamond  coat. 
The  presence  of  these  phases  in  microscopic  fluid  inclusions  has  been  confirmed  by  TEM  studies 
(Guthrie  et  al.,  1991).  The  first  conclusive  evidence  of  CO2  in  an  uncoated  diamond  of  unknown 
origin  has  been  presented  by  Schrauder  and  Navon  ( 1993),  who  interpreted  Infra-red  (IR) 
absorption  peaks  at  3752,  3620,  2376,  and  650  cm  1  as  being  caused  by  CO2  contained  within  sub- 
microscopic  inclusions  in  the  diamond  lattice.  The  exact  position  of  the  CO2  V3  absorption  peak  is 
pressure-dependent  (Hanson  and  Jones,  1981),  and  03  absorption  at  2376  cm' 1  implies  that  the 
CO2  is  held  at  an  internal  pressure  of  50  kb  at  room  temperature  (Schrauder  and  Navon,  1993). 

Anomalous  IR  spectra,  similar  to  those  reported  by  Schrauder  and  Navon  (1993),  have  been 
obtained  for  numerous  uncoated  diamonds  from  the  George  Creek  K1  kimberlite  dyke.  Step¬ 
heating  of  selected  diamonds  with  anomalous  IR  absorption  spectra  to  1200  °C  in  an  Ar  atmosphere 
had  no  effect  on  the  anomalous  peaks,  but  CO2  and  subordinate  amounts  of  gas  of  unknown 
composition  were  released  (A.  Verchowsky,  pers.  Comm.,  1994).  This  may  indicate  that  the  CO2 
is  now  present  in  extremely  stable  sub-microscopic  inclusions  at  lattice  defect  sites,  rather  than 
micron-sized  fluid  inclusions.  SEM  investigation  failed  to  produce  any  evidence  of  fluid  inclusions 
in  the  diamonds,  furthermore  the  anomalous  pink,  brown  or  orange  cathodoluminescence  (CL) 
associated  with  CCL-bearing  diamond  zones  is  consistent  with  the  location  of  CO2  in  sub- 
microscopic  fluid  inclusions  at  lattice  defect  sites. 

Schrauder  and  Navon  ( 1993)  reported  a  single  CO2  D3  absorption  peak  at  2376  cm-1,  yet  the 
George  Creek  specimens  are  more  complex,  with  double  or  triple  absorption  peaks,  occurring 
within  the  same  specimen.  Pressure  estimates  from  the  position  of  the  CO2  1)3  peak  range  from 
atmospheric  pressure  to  unreasonable  pressures  in  excess  of  200  kb  at  room  temperature  which 
would  correspond  to  even  greater  pressures  in  the  hot  mantle.  This  complexity  may  have  resulted 
from  high  temperature  annealing  processes  facilitated  during  prolonged  residence  of  the  diamonds 
in  the  mantle.  Precipitation  of  negligible  amounts  of  graphite  on  the  walls  of  inclusion  cavities  may 
have  decreased  the  volume  (and  hence  increased  the  pressure)  within  the  CO2  inclusions,  whereas 
the  lower  pressure  estimates  may  be  explained  by  decrepitation  of  CO2  inclusions. 


113 


A  correlation  between  the  presence  of  CCb  and  yellow  or  orange  UV  luminescence,  and  yellow, 
brown  or  red  body  colour  was  noted.  Cathodoluminescfence  photomicrographs  of  COo-bearing 
diamonds  reveal  complex  intergrowth  relationships  between  CCL-bearing  and  CCL-free  diamond 
growth  generations.  In  many  instances  the  distribution  of  the  CCL-bearing  generation  suggests  that 
it  postdates  the  CO2  free  diamond  growth  generation(s),  and  that  renewed  diamond  crystallization 
occurred  from  CCL-bearing  fluids  which  invaded  fractures  and  etched  embayments  in  the  CCb-free 
diamond  growth  generation(s). 

Mineral  inclusions  recovered  from  George  Creek  diamonds  are  dominantly  of  the  eclogitic 
paragenesis  and  no  peri doti tic  inclusions  were  identified.  Apart  from  black  rosettes  of  graphite  and 
sulphide,  clinopyroxene  and  garnet  are  the  most  common  eclogitic  inclusions.  Biminerallic  gamet- 
clinopyroxene  inclusions  have  been  recovered,  as  have  websteritic  orthopyroxene-clinopyroxene 
and  orthopyroxene-clinopyroxene-phlogopite  inclusions  from  two  diamonds.  The  phlogopite  is 
unusual  in  its  high  titanium  content  of  ±  10  wt  %.  Titanium  is  hosted  in  abundant  orange-brown  to 
dark  brown  rutile  inclusions  in  diamonds  of  the  eclogitic  paragenesis.  Ilmenite  is  commonly  found 
as  tiny  (<10  -40  micron  in  diameter)  inclusions  within  eclogitic  garnet  inclusions.  The  nature  of 
inclusions  associated  with  the  CCL-bearing  diamonds  is  mostly  limited  to  black  rosettes  and  rare 
rutile,  although  garnet  and  clinopyroxene  inclusions  have  been  recovered  from  the  CCL-free 
fractions  of  these  diamonds.  A  single  inclusion  of  pure  silicon  oxide  (coesite/quartz)  has  also  been 
recovered  from  a  C02-bearing  diamond.  No  evidence  of  high  pressure  inclusions  (e.g.  majoritic 
garnet)  was  found  in  CCL-bearing  or  C02-free  diamonds,  but  the  accommodation  of  elevated 
contents  of  K2O  in  clinopyroxene  inclusions,  and  TiCL  and  Na20  in  garnet  inclusions  reflects  not 
only  the  bulk  composition  of  the  diamond  growth  region,  but  also  high  pressures  of  crystallization. 

The  recognition  of  two  compositionally  distinct  groups  of  eclogitic  garnet  and  clinopyroxene 
inclusions  attests  to  the  heterogeneity  of  the  diamondiferous  mantle  sampled  by  the  George  Creek 
K1  kimberlite.  Group  GC1  inclusions  are  more  magnesian  in  composition  than  Group  GC2 
inclusions  and  generally  contain  detectable  Cr.  Group  GC2  inclusions  are  characterized  by  higher 
K,  Na,  Al,  Fe  and  Ti  contents  than  Group  GC1  inclusions.  The  compositional  distinctions 
between  Group  GC1  and  Group  GC2  inclusions  may  reflect  heterogeneity  of  possible  oceanic 
protoliths  recycled  into  the  mantle  by  subduction  processes. 

Temperature  estimates  of  1071-1 178  °C  (mean  =  1 138  °C)  for  diamond  formation  were  obtained  by 
application  of  the  Ellis  and  Green  ( 1979)  thermometer  to  coexisting  non-touching  garnet  and 
clinopyroxene  inclusions.  Lower  temperatures  of  912-977  °C  (using  the  Ellis  and  Green  (1979) 
and  Bertrand  and  Mercier  (1985)  thermometers)  for  touching  gamet-clinopyroxene  and  ortho¬ 
pyroxene-clinopyroxene  inclusions,  correspond  to  mantle  temperatures  at  the  time  of  kimberlite 
eruption.  This  implies  lithospheric  cooling  of  ~200  °C  between  diamond  formation  and  kimberlite 
eruption. 

The  thermal  evolution  of  the  Colorado- Wyoming  lithospheric  mantle  may  also  be  interpreted  from 
quantitative  IR  assessment  of  the  aggregation  state  of  substitutional  nitrogen  defects  within  George 
Creek  diamonds.  The  CCb-bearing  diamond  growth  generation  lacks  spectral  evidence  of  nitrogen 
defects,  whereas  the  C02-free  generation  is  characterized  by  low  contents  of  highly-aggregated 
nitrogen  defects  and  variable  platelet  development.  Infra-red  spectra  indicate  that  the  nitrogen 
content  varies  from  below  the  detection  limit  to  ~1518  at.  ppm  in  the  CC>2-free  diamonds  studied. 
Significant  variation  in  nitrogen  content  and  aggregation  state  was  detected  within  single  diamonds. 
Quantitative  analyses  of  the  nitrogen  aggregation  states  are  consistent  with  equilibration  of  the 
George  Creek  diamonds  at  temperatures  of  ~1220  °C  for  an  assumed  mantle  residence  time  of  1.25 
Ga.  The  discrepancy  between  temperature  estimates  from  non-touching  diamond  inclusions  and 
nitrogen  aggregation  states  may  be  caused  by  the  relatively  large  uncertainties  in  the  calculations 
used  to  calculate  the  time-averaged  mantle  residence  temperatures  (Tna)  from  the  IR  spectra.  If  this 
discrepancy  is  not  an  artefact  of  the  method  used,  a  heating  event  subsequent  to  diamond  formation 
and  prior  to  lithospheric  cooling  is  required. 
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The  lack  of  brown  colour  in  most  plastically  deformed  diamonds  from  George  Creek  implies  that 
deformation  did  not  involve  heating  as  this  is  believed  to  promote  the  development  of  brown  colour 
by  incipient  graphitization.  Heating  may  have  been  required  to  generate  free  CCb  in  the  mantle  as  it 
may  exist  as  a  free  phase  only  once  carbonation  of  mantle  assemblages  is  complete,  or  if  the 
regional  geotherm  is  unusually  high  to  permit  melting.  The  dominance  of  eclogitic  material  in  the 
diamondiferous  mantle  sampled  by  the  George  Creek  kimberlite  may  have  favoured  the  stabilization 
of  CO2  fluid  as  total  carbonation  of  eclogite  requires  addition  of  20  wt.  %  less  COo  than  that 
required  for  total  carbonation  of  peridotite  (Schrauder  and  Navon,  1993). 

Depletion  of  many  eclogitic  diamonds  in  13C  has  been  ascribed  to  crystallization  of  these  diamonds 
from  isotopically  light  organic  carbon  subducted  into  the  mantle  (e.g.  Kirkley  etal .,  1991). 
Evidence  that  subduction  may  have  played  an  important  role  in  the  formation  of  diamonds  in  the 
Colorado-Wyoming  is  provided  by  the  marked  depletion  in  the  lighter  13C  isotope  of  up  to  -  3 1  %o 
613C  detected  in  a  number  of  diamonds  from  George  Creek.  The  complex  intergrowth 
relationships  between  CCU-bearing  and  CCL-free  diamond  growth  generations  in  many  George 
Creek  diamonds  necessitates  considerable  spatial  resolution  in  the  determination  of  carbon  isotopic 
composition.  Determination  of  the  variation  in  carbon  isotopic  composition  of  polished  diamond 
plates  is  currently  being  undertaken  using  the  ion-probe  at  Edinburgh  University. 

Abundant  yellow-green  slip  lines,  which  transect  zones  of  CCb-free  diamond  with  blue  CL, 
developed  in  response  to  plastic  deformation  during  mantle  residence  time.  The  remarkable  efch 
features  present  on  the  surfaces  of  both  CCH-bearing  and  CCH-free  diamonds  from  George  Creek 
indicate  that  severe  oxidation  of  the  diamonds  occurred,  possibly  in  the  hypabyssal  dyke 
environment.  Etching  and  resorption  of  CCU-free  diamonds  also  occurred  prior  to  growth  of  the 
CCh-bearing  diamond  generation.  Conditions  experienced  by  the  George  Creek  diamonds  thus 
show  considerable  fluctuation  between  conditions  conducive  to,  and  conditions  detrimental  to 
diamond  growth  and/or  preservation. 
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CATHODOLUMINESCENCE  OF  C02-BEARING  A^D  CO2-FREE  DIAMONDS  FROM  THE 
GEORGE  CREEK  K1  KIMBERLITE  DYKE,  COLORADO- WYOMING  STATE  LINE 
DISTRICT. 
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Cathodoluminescence  (CL)  provides  a  powerful  method  of  investigating  the  complex  growth  and 
deformation  history  experienced  by  many  natural  diamonds.  Primary  growth  features  such  as 
octahedral  growth  zonation  may  be  recognized  from  CL,  and  in  many  cases  this  growth  zonation 
has  been  repeatedly  truncated  by  resorption  surfaces.  Considerable  heterogeneity,  for  example  in 
nitrogen  content  and  aggregation  state,  exists  in  many  diamonds.  Cathodoluminescence  studies 
may  thus  provide  important  spatial  information  to  assist  in  the  interpretation  of  Infra-red  (IR)  and 
stable  isotope  analyses  of  diamonds. 

Most  Type  la  diamonds  exhibit  variable  blue  CL  generated  by  electron-donor  and  electron-acceptor 
pair  recombinations  (Walker,  1979).  In  addition,  platelets  (planar  aggregates  on  cubic  lattice 
planes)  are  often  detected  in  CL  photomicrographs  of  Type  la  diamonds  with  the  characteristic 
platelet  absorption  in  the  IR  region  at  -1365  cm-1.  C02-free  diamond  plates  from  George  Creek 
exhibit  the  customary  blue  luminescence  and  variable  platelet  distribution  recognized  in  most  type  la 
diamonds. 

Comparison  of  CL  photomicrographs  with  spectral  data  from  IR  mapping  traverses  suggests  that 
large  platelets  develop  in  zones  of  relatively  low  substitutional  nitrogen  content,  whereas  smaller 
platelets  are  found  in  zones  richer  in  nitrogen.  This  may  be  explained  by  the  Woods  (1985)  model 
for  platelet  formation,  which  involves  platelet  formation  from  the  aggregation  of  interstitial  carbon 
atoms.  These  carbon  atoms  are  ejected  into  the  lattice  by  the  formation  of  B  nitrogen  aggregates 
(which  are  thought  to  consist  of  four  substitutional  nitrogen  atoms  arranged  around  a  vacancy). 
High  nitrogen  contents  would  promote  rapid  nitrogen  aggregation  and  hence  rapid  nucleation  of 
platelets,  which  would  be  of  smaller  size  than  platelets  which  grow  in  zones  of  lower  nitrogen 
content  and  lower  nucleation  density. 

In  many  George  Creek  diamonds  yellow-green  slip  lines  transect  C02~free  zones  of  blue  cathodo¬ 
luminescence,  indicating  that  these  diamonds  have  undergone  extreme  plastic  deformation  during 
mantle  residence.  Diamonds  which  exhibit  intensive  development  of  plastic  deformation  features 
generally  lack  evidence  of  platelets  in  their  IR  spectra  and  also  lack  visible  platelets  in  the  CL 
photomicrographs.  This  is  consistent  with  the  proposal  that  platelets  increase  the  resistance  of 
diamonds  to  deformation  processes  by  impeding  the  migration  of  dislocations  (Evans,  1976). 

A  polished  plate  of  a  CC>2-free  diamond  shows  a  dramatic  “brecciated”  texture  comprising  irregular 
and  curvilinear  fragments  delineated  by  subtle  variations  in  CL  colour  and  intensity.  This  diamond 
contains  a  number  of  rutile  inclusions,  and  IR  spectroscopy  has  revealed  their  hydrous  nature.  The 
brecciation  visible  in  the  CL  photomicrograph  may  be  the  result  of  hydrogen  loss  from  the  rutile 
inclusions,  or  may  be  due  to  an  increase  in  molar  volume  accompanying  the  phase  transition  from 
rutile-type  structure  to  a-Pb02-type  structure  which  occurs  with  decreasing  pressure. 

Such  brittle  deformation  in  diamond  has  not  been  described  before,  and  is  particularly  striking, 
considering  that  some  external  regions  of  the  diamond  show  intense  development  of  yellow-green 
slip  lines  indicative  of  plastic  deformation.  This  disparity  in  deformation  styles  may  be  explained  if 
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the  diamond  is  composed  of  two  different  growth  generations  which  had  experienced  different 
styles  of  deformation  before  being  amalgamated  during  a  later  growth  episode.  Alternatively 
disparate  platelet  content  and  inclusion  content  between  the  two  zones  may  have  caused  them  to 
behave  differently  during  the  same  deformation  event.  The  thickness  and  heterogeneity  of  the  plate 
prevented  confirmation  of  this  proposal  from  1R  spectra,  but  visual  inspection  proved  that  the 
“brecciated”  region  contains  a  greater  concentration  of  rutile,  garnet,  sulphide  and  graphite 
inclusions. 

The  C02-bearing  diamond  growth  generation  is  characterized  by  anomalous  pink,  pale  purple, 
orange  and  brown  luminescence.  The  CL  colours  are  similar  to  those  seen  in  yakutite-  an  impact¬ 
generated  mixture  of  cubic  diamond  and  hexagonal  diamond  (londsdaleite)  found  associated  with 
the  Popigai  astrobleme  in  Russia.  Absorption  peaks  due  to  the  presence  of  CCb  are  also  found  in 
yakutite  (Milledgee/  al.,  1994),  and  it  thus  appears  that  C02-bearing  diamonds  are  characterized  by 
anomalous  CL. 

Cathodoluminescence  photomicrographs  of  polished  plates  reveal  extremely  complex  intergrowth 
relationships  between  C02-free  and  C02-bearing  components  of  single  diamonds.  The  age 
relationship  between  the  two  diamond  growth  generations  is  often  equivocal,  but  in  no  instance 
does  the  C02-bearing  generation  convincingly  appear  to  be  older  than  the  C02-free  generation.  In 
diamonds  which  contain  central  regions  of  CC^bearing  diamond,  the  morphology  of  the  CO2- 
bearing  generation  suggests  that  it  represents  a  secondary  generation  which  has  grown  in  etched 
inclusion  cavities.  The  C02-bearing  diamond  thus  appears  to  be  younger  in  age,  and  in  many 
diamonds  has  invaded  fractures  and  embayments  of  the  earlier  generation  of  C02-free  diamond 
which  had  previously  experienced  severe  deformation  and  etching. 

Features  analogous  to  those  formed  by  annealing  of  fluid  inclusions  in  quartz  have  been  recognized 
within  zones  of  anomalous  CL  associated  with  C02-bearing  diamond  (A.H.  Rankin,  pers.  comm., 
1993).  Prolonged  mantle  residence  of  CC>2-bearing  diamonds  at  elevated  temperatures  may  have 
facilitated  the  formation  of  planes  of  smaller  pseudo-secondary  inclusions.  A  decrease  in  the  size  of 
the  CO2  inclusions  as  a  result  of  annealing  processes  may  have  increased  the  potential  of  the 
inclusions  to  withstand  decrepitation.  The  anomalous  CL  of  the  CC>2-bearing  diamond  growth 
generation  is  consistent  with  the  location  of  CO2  in  sub-microscopic  lattice  defect  sites. 
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KIMBERLITES  AS  A  GUIDE  TO  EXPLORATION 

Coopersmith1 ,  H.G.  ,  Griffin2,  W.L. ,  Ryan2,  C.G.,  Win2,  T.T. , 
McCallum3 ,  M.E. 

1.  Redaurum  Ltd.,  PO  Box  1916,  Fort  Collins,  CO  80522  U.S.A. 

2.  CSIRO  Div.  of  Exploration  and  Mining,  Box  136,  North  Ryde , 

NSW  2113  Australia 

3.  Dept,  of  Earth  Resources,  Colorado  State  University,  Fort 
Collins,  CO  80523  U.S.A. 

Early  Devonian  aged  Group  I  kimberlites  occur  primarily  in 
two  districts  along  the  Front  Range  of  the  middle  Rocky  Mountains 
of  Colorado  and  Wyoming,  U.S.A.  The  State  Line  District  straddles 
the  Colorado-Wyoming  state  line,  consisting  of  approximately  35 
kimberlite  pipes  and  dikes  intruding  Proterozoic  crystalline 
rocks.  This  district  is  marginal  to  the  Wyoming  Archean  Province. 
Most  occurrences  here  contain  diamond,  with  grades  ranging  from 
<1  cpht  to  >100  cpht.  Currently  the  Kelsey  Lake  pipes  are  being 
developed  for  North  America's  first  commercial  diamond 
production.  The  Iron  Mountain  District,  80  km  to  the  north, 
contains  about  40  small  pipes,  blows,  dikes  and  sills  of 
kimberlite.  These  also  intrude  Proterozoic  crystalline  rocks,  but 
occur  much  closer  to  the  outcropping  Archean  basement  of  the 
Wyoming  Province.  The  Iron  Mountain  kimberlites  are  essentially 
barren  of  diamond. 

Distinct  variation  is  seen  in  diamond  mineralization  between 
the  districts  and  between  individual  clusters  within  the 
district.  Variation  is  manifested  in  absolute  grades,  stone  size 
distributions,  primary  and  secondary  diamond  growth  processes, 
diamond  inclusions,  and  in  resorption  characteristics.  These 
variations  must  be  explained  by  differing  degrees  and  areas  of 
mantle  sampling,  metasomatic  processes,  emplacement . styles ,  and 
resorption  events. 

Chrome  Pyrope  garnets  from  eight  State  Line  and  Iron 
Mountain  District  kimberlites,  and  chromites  from  two  State  Line 
District  kimberlites  have  been  analyzed  for  trace  elements  using 
the  proton  microprobe.  The  regional  geotherm  defined  and 
constrained  by  garnet  and  spinel  data  from  the  State  Line 
kimberlites  shows  a  well  defined  35  mW/m2  conductive  model  to 
about  40  Kb  to  50  Kb.  Above  this  the  geotherm  jumps  to  40  mW/m2 , 
showing  a  deviation  from  the  conductive  model  above  1100  °C.  It 
appears  that  the  mantle  was  strongly  heated  at  depths  below  about 
175  km  and  this  raised  the  geotherm  in  the  lower  part  of  the 
lithosphere.  Steeper  geotherms  possibly  existed  at  Aultman  and 
especially  at  Iron  Mountain. 

The  lithosphere,  as  defined  by  the  presence  of  depleted 
rocks,  probably  did  not  extend  deeper  than  175  km  at  the  time  of 
kimberlite  intrusion.  The  upper  mantle  in  the  State  Line  region 
contains  5-10%  harzburgite,  broadly  distributed  through  the  depth 
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range  of  90  to  >180  km  represented  by  garnets.  Much  of  this 
harzburgite  is  relatively  Ca-rich,  and  the  lithology  of  the 
mantle  section  as  a  whole  is  more  typical  of  a  Proterozoic 
lithosphere  than  an  Archean  one.  This  probably  reflects  the 
craton-margin  setting,  where  a  significant  thickness  of 
Proterozoic  lithosphere  has  tectonically  replaced  the  Archean 
rocks  at  depth.  The  low  geotherm  allows  diamond  to  be  stable 
below  about  125  km  depth.  Severe  metasomatism  of  a  type  usually 
associated  with  phlogopite  introduction  affects  the  mantle  in  the 
130-150  km  depth  range.  Higher-T  melt-related  metasomatism 
becomes  dominant  at  depths  >160  km  and  is  probably  related  to  the 
heating  event  described  above.  It  is  unclear  how  these  different 
metasomatic  events  have  affected  diamond  preservation.  Most 
suites  of  diamonds  show  a  variety  of  resorption  characteristics, 
from  pristine  octahedra  to  class  1  THH ,  indicating  more  than  one 
process  acting  at  different  times  and  levels. 

The  "lherzolite  trend”  on  a  Cr2 O3 -CaO  garnet  plot  consists 
of  three  en  echelon  segments;  this  is  related  to  the  stepped 
geotherm  described  above.  The  position  and  slope  of  the 
lherzolite  trend  depend  on  temperature  and  pressure,  and  a 
geotherm  with  a  slope  significantly  steeper  than  the  conductive 
models  will  allow  chromite  and  garnet  to  coexist  to  higher  T  than 
along  a  normal  conductive  geotherm.  This  results  in  the 
occurrence  of  high-Cr  lherzblite  garnets  at  high  T,  as  seen  in, 
for  example,  the  Zero  pipe  (Kuruman  Province,  South  Africa)  as 
well  as  in  the  State  Line  District. 

Spinels  from  the  Sloan  #2  and  Kelsey  Lake  #1  bodies  cover  a 
wide  range  of  zinc  temperatures  (Tzn)  from  <600°C  to  >1300°C, 
corresponding  to  the  range  of  Tn  i  seen  in  the  garnets.  Both 
bodies  contain  a  population  of  high-T,  relatively  low-Cr  (40-50% 
Cr2 O3 )  spinels  that  are  distinct  from  typical  kimberlitic 
magmatic  spinels,  but  similar  to  the  magmatic  population 
recognised  in  lamproites  worldwide.  This  suggests  that  the 
kimberlites  appear  transitional  between  typical  kimberlites  and 
lamproites,  although  all  other  petrologic  and  chemical  features 
of  these  pipes  conform  to  normal  Group  I  kimberlite.  A  group  of 
high-Cr  chromites  from  Kelsey  Lake  #1  has  high  Zn  contents  and 
Tzn <600° C,  suggesting  that  they  have  been  derived  from  the 
graphite  stability  field  and  may  be  crustal;  alternatively,  they 
may  suggest  weak  metamorphism  of  the  kimberlite. 

There  is  good  grade  correlation  between  diamond  grade  and 
the  Gamma  estimator  for  the  Aultman,  Chicken  Park,  George  Creek, 
Kelsey  Lake  and  Sloan  5  kimberlites.  Diamonds  in  these 
kimberlites  are  derived  mainly  from  peridotitic  mantle.  The 
grades  of  the  Sloan  1&2  pipes  are  higher  than  predicted,  relating 
to  the  dominantly  eclogitic  derivation  of  diamonds  here.  The 
highest  grade  kimberlite,  the  dikes  at  George  Creek,  is  clearly 
identifiable  by  its  high  Gamma  value,  narrow  Tn i  distribution  and 
low  degree  of  metasomatism.  Diamonds  at  George  Creek  also  show 
the  least  resorption.  The  intermediate  grade  localities  at 
Chicken  Park  and  Kelsey  Lake  are  distinguished  by  low  positive 

119 


values  of  Gamma  and 
intermediate  degrees 
of  metasomatism.  The 
low  grade  localities 
at  Aultman  and  Sloan  5 
are  identified  by  large 
negative  Gamma  values 
and  high  degrees  of 
metasomatism.  The 
geotherm  for  Iron 
Mountain  is  poorly 
constrained  and  may 
lie  totally  within  the 
graphite  stability 
field,  which  would 
explain  the  absence  of 
diamonds  here. 
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DIAMONDIFEROUS  GARNET  MACROCRYSTS  IN  THE  NEWLANDS  KIMBERLITE,  SOUTH 
AFRICA  -  ROSETTA  STONES  FROM  THE  KAAPVAAL  CRATON  KEEL. 
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A  suite  of  fragments  of  diamondiferous  garnet  harzburgite  has  recently  been  found  in  the 
Newlands  kimberlite.  South  Africa,  following  the  resumption  of  mining  activity.  Unlike 
their  counterparts  at  other  better-known  kimberlite  localities  on  the  Kaapvaal  craton,  these 
harzburgitic  diamond  host  assemblages  have  survived  transport  to  the  surface  without 
being  completely  disaggregated.  In  this  respect,  they  resemble  diamond-peridotite 
xenoliths  from  Roberts  Victor  (Viljoen  et  al,  1991),  but  are  much  better  preserved. 

The  Newlands  kimberlite  is  located  60  km  NW  of  Kimberley  and  consists  of  a  series  of  five 
blows  up  to  40  m  in  diameter  on  a  NE-SW  trending  fissure  system.  The  intrusion  is  of 
Cretaceous  age  (1 14  Ma)  and  is  a  Group  II  kimberlite  (Smith,  1983).  Approximately  forty 
1-3  cm  diameter  garnet  macrocrysts/xenoliths  comprising  purple  garnet  ±  olivine, 
orthopyroxene,  chromite  and  diamond  or  graphite  have  thus  far  been  recovered.  The 
diamonds  are  generally  colourless  1-2  mm  diameter  octahedra  with  stepped  edges  and  no 
significant  resorption.  Some  of  the  garnets  have  kelyphite  rims  and  all  are  fractured  to 
varying  extents.  However,  the  interiors  of  fracture  segments  are  fresh.  The  most 
spectacular  specimen  is  a  purple  garnet  with  chromite,  altered  olivine  and  diamond  visible. 
The  largest  of  three  protruding  diamonds  has  garnet  and  chromite  as  inclusions. 
Documentation  of  the  assemblage  reported  here  is  based  on  binocular  microscope 
observations  of  intact  samples  and  analysis  of  chips  of  mineral  grains  from  an  initial 
selection  of  nine  diamond-  and  one  graphite-bearing  specimens. 

The  garnets  are  chrome  pyropes  with  a  range  of  Ca  contents  from  strongly  subcalcic 
(1.7%  CaO;  9.8%  Cr203)  to  calcium  saturated  (4.5%  CaO;  4.6%  Cr203;  Fig.  1,  Table  1). 
Associated  chromites  are  of  the  high  Cr  variety  (63%  Cr203;  Table  1)  typical  of  the 
harzburgitic  paragenesis  of  diamonds.  Ti  contents  of  both  garnets  and  chromites  are 
generally  below  EMP  detection  limits.  Olivines  and  orthopyroxenes  are  variously  altered 
and  fresher  grains  from  the  interiors  of  some  of  the  specimens  have  yet  to  be  analysed. 

Sr  and  Nd  isotope  signatures  have  been  determined  for  three  diamond-  and  one  graphite¬ 
bearing  garnet  macrocrysts  (labelled  A,B,C  and  D  respectively)  covering  the  range  of  Ca 
and  Cr  contents  in  Fig.  1 .  Analyses  were  performed  on  fragments  of  garnet  from  which 
all  exterior  and  interior  fracture  surfaces  were  removed  by  microsurgery  under  a  binocular 
microscope.  Isotope  ratios  have  been  calculated  back  to  90  Ma  for  comparison  with 
similar  subcalcic  garnets  from  Kimberley  and  Finsch  kimberlite  heavy  mineral  concentrates 
and  are  plotted  on  a  Nd-Sr  isotope  correlation  diagram  (Fig.  2).  All  four  Newlands  garnets 
have  highly  radiogenic  87Sr/86Sr  ratios  (0.71  1-0.728).  Yet,  as  for  the  Finsch  and  Kimberley 
garnets,  their  measured  Rb  contents  are  negligible.  These  radiogenic  Sr  isotope 
compositions  require  ancient  metasomatic  enrichment  followed  by  diffusive  reequilibration 
with  a  host  phase  with  high  Rb/Sr  ratio  during  subsequent  mantle  storage. 

Garnet  143Nd/144Nd  ratios  are  more  variable.  Those  for  garnets  A  and  B  are  unradiogenic. 
Their  combined  Nd  and  Sr  isotope  signatures  define  a  trend  subparallel  to  those  for  Finsch 

121 


and  Kimberley  (Fig.  2).  Both  garnets  have  Sm/Nd  ratios  lower  than  the  chondritic  ratio, 
consistent  with  ancient  LREE  enrichment.  Garnet  B  with  the  highest  Sr  and  lowest  Nd 
isotope  ratios  also  has  the  most  subcalcic  major  element  composition  (Fig.  1).  Conversely, 
garnets  C  and  D  have  radiogenic  143Nd/144Nd  ratios  correlated  with  Sm/Nd  ratios 
significantly  higher  than  the  chondritic  ratio,  consistent  with  subsequent  LREE  depletion. 
These  two  garnets  appear  to  have  lost  their  subcalcic  character  (Fig.  1)  while  the 
assemblage  has  retained  diamond  (garnet  C)  or  had  it  converted  to  graphite  (garnet  D), 
an(jl  apart  from  the  apparent  absence  of  modal  clinopyroxene  they  begin  to  resemble 
garnets  in  some  cold  coarse  garnet  Iherzolite  xenoliths  from  Kimberley  (Richardson  et  al, 
1985).  If  the  four  Newlands  specimens  analysed  to  date  were  originally  cogenetic,  then  a 
period  of  at  least  500  Ma  prior  to  kimberlite  emplacement  is  required  to  develop  the 
difference  in  Nd  isotope  signature  for  garnet  D  (and  C)  relative  to  garnet  B  (and  A). 
Nevertheless,  the  major,  trace  and  isotopic  data  are  consistent  with  these  diamondiferous 
garnet  harzburgites  being  originally  Archaean  in  age,  like  their  Finsch  and  Kimberley 
counterparts  (Richardson  et  al,  1984). 

Richardson,  S.H.,  Gurney,  J.J.,  Erlank,  A.J.,  Harris,  J.W.  1984.  Nature  310,  198-202. 

Richardson,  S.H.,  Erlank,  A.J.,  Hart,  S.R.  1985.  Earth  Planet.  Sci.  Lett.  75,  116-128. 

Smith,  C.B.  1983.  Nature  304,  51-54. 

Viljoen,  K.S.,  Robinson,  D.N.,  Swash,  P.M.  1991.  5IKC  Ext.  Abstr.  Vol.,  440-442,  CPRM,  Brasilia. 


Fig.1  Distribution  of  GaO  and  Cr203  in  diamondiferous  garnet  macrocrysts  from  the  Newlands 
kimberlite  relative  to  fields  for  subcalcic  garnets  in  diamonds  and  heavy  mineral  concentrates,  as 
well  as  calcium  saturated  garnets  in  peridotite  xenoliths,  from  the  Kimberley  and  Finsch  kimberlites 
(Richardson  et  al,  1984,  and  references  therein). 


122 


Table  1.  Garnet  and  chromite  analyses  of  diamondiferous  harzburgites  from  Newiands  kimberlite 


Sample 

Garnets 

3102 

TI02 

AL203 

CR203 

FEO 

MNO 

MGO 

CAO 

TOTAL 

A 

41.42 

0.08 

17.26 

9.18 

5.82 

0.32 

22.03 

3.73 

99.80 

B 

41.94 

n.d. 

18.54 

7.81 

5.85 

0.31 

23.37 

1.96 

99.78 

C 

41.84 

n.d. 

20.94 

4.58 

6.70 

0.36 

21.15 

4.50 

100.05 

D 

41.74 

n.d. 

20.17 

5.35 

6.84 

0.41 

20.71 

4.72 

99.94 

AHM  D1 

41.73 

n.d. 

17.76 

9.08 

5.83 

0.32 

23.16 

1.94 

99.80 

AHM  D2 

41.66 

n.d. 

17.10 

9.78 

5.96 

0.33 

23.22 

1.66 

99.71 

AHM  D3 

41.65 

n.d. 

17.58 

9.13 

5.87 

0.30 

23.09 

1.90 

99.50 

AHM  D4 

41.77 

n.d. 

18.40 

8.07 

6.07 

0.28 

23.04 

2.16 

99.79 

AHM  D5 

41.67 

n.d. 

17.32 

9.32 

5.85 

0.28 

23.12 

1.90 

99.45 

AHM  4 
Chromites 

41.43 

n.d. 

16.92 

9.97 

6.08 

0.36 

23.18 

1.68 

99.61 

AHM  D1 

n.d. 

n.d. 

7.64 

63.53 

13.92 

0.27 

14.28 

n.d. 

99  64 

AHM  D2 

n.d. 

n.d. 

7.81 

62.91 

14.44 

0.24 

14.03 

n.d. 

99.43 

AHM  D4 

n.d. 

0.11 

7.57 

63.43 

14.72 

0.22 

13.93 

n.d. 

99.98 

Notes:  1.  n.d.  =  not  detected  2.  FeO  calculated  as  total  FeO 
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Fig. 2  Nd-Sr  isotope  correlation  diagram  (constructed  at  90  Ma)  for  macrocryst  garnets  from  the 
Newiands  kimberlite  relative  to  inclusion  and  concentrate  garnets  from  the  Kimberley  and  Finsch 
kimberlites  (Richardson  et  al,  1984,  and  references  therein). 
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THERMAL  ANOMALY  IN  THE  UPPER  MANTLE  BENEATH  A  PROPAGATING 
CONTINENTAL  RIFT:  EVIDENCE  FROM  MANTLE  XENOLITHS  FROM  THE  LAB  AIT 
VOLCANO,  NORTHERN  TANZANIA. 


J.B.Dawsonl,  D.James^  C.Paslick7  and  A.Halliday^ 

1 .  Department  of  Geology  and  Geophysics,  University  of  Edinburgh,  Edinburgh  EH9  3JW,  U.K. 

2.  Dept  of  Geological  Sciences,  University  of  Michigan,  Ann  Arbor,  Michigan  48109-1063, 

U.S.A 

There  are  now  models  for  the  structure  and  magmatism  of  well-developed  rifts  1 ,  but  little  is 
known  about  the  thermal  structure  of  the  mantle  at  the  actual  onset  of  rifting.  Moreover,  because 
they  are  small  ephemeral  cinder-cones  and  lava  flows,  and  often  blanketed  by  later  formations, 
the  volcanic  rocks  erupted  at  the  initiation  of  continental  rifting  are  only  rarely  available  for 
sampling.  The  initiation  of  faulting  and  magmatism  in  the  Gregory  Rift  Valley  of  East  Africa  has 
progressed  systematically  from  north  to  south,  beginning  at  around  35-40  Ma  in  Ethiopia  ,  at 
around  25  Ma  in  Kenya  and  at  8  Ma  in  northern  Tanzania^.  Thus  there  appears  to  be  a  relative 
southwards  movement  into  the  African  continent  of  the  underlying  mantle  perturbation,  with  the 
youngest  volcanic  province  being  in  northern  Tanzania  where  volcanism  is  now  well  developed^. 
Moreover,  here  at  its  southern  end  in  north-central  Tanzania,  the  rift  depression  is  asymmetric, 
being  bounded  by  a  major  fault  only  on  its  western  side  which  breaks  up  into  a  series  of  subdued 
faults  of  small  magnitude.  A  further  feature  of  this  southernmost  area  is  that  it  has  low  surface 
heat-flow  (39-46mW  m“2)4  and  deep  seismic  activity 5;  which  suggests  that  the  rift  fractures  are 
in  the  process  of  penetrating  thick  cold  lithosphere,  in  contrast  to  the  well-developed  rift  further 
north  where  there  is  high  heat-flow  and  evidence  for  thinned  lithosphere^. 

The  magmatism  in  this  most  southerly  area  is  isolated  from  the  main  Tanzanian  volcanic 
province  to  the  north  and  belongs  to  the  youngest  episode  of  Tanzanian  rift  volcanism  dated  at 
clMaA  The  volcanics  comprise  two  major  carbonatite/nephelinite  volcanoes,  Kwaraha  and 
Hanang,  composed  of  tuffs  and  agglomerates  of  evolved  olivine-free  nephelinitic  composition, 
with  interbedded  flows  and  tuffs  of  calcic  carbonatite.  Both  volcanoes  are  surrounded  by 
numerous  small  explosion  craters  and  tuff-cones,  and  rare  lava  flows  of  olivine  nephelinite  and 
melilitite  which,  together  with  the  carbonatites,  are  magma  types  typically  generated  during 
incipient  melting  of  volatile-rich  mantle7. 

One  of  the  minor  volcanic  features  is  Labait  Hill  (4°  34'S,  35°  26'E),  a  small  cratered  cone  south¬ 
east  of  Hanang.  Labait  consists  of  scoria  and  one  small  flow  of  olivine  melilitite  which  has  high 
magnesium  (MgO  24.46  wt%),  nickel  (974  ppm)  and  chromium  (Cr  1249  ppm)  concentrations 
indicating  that  it  consolidated  from  primitive,  unfractionated  magma**-  Labait  is  also  unusual  in 

that  the  lava  flow  and  srnria  rnntain  xenoliths  nf  nerirlntite  the  mineralogy  Hpncitv  anH  hnUr _ 


chemistry  of  which  are  typical  of  rocks  derived  from  the  earth's  upper  mantle.  Labait  is  thus  an 
addition  to  the  very  few  localities  in  East  Africa  providing  samples  that  can  directly  constrain 
geophysical  models  of  the  mantle  along  the  Rift  Valley^  The  extrusives  contain  xenoliths  of 
garnet  lherzolite,  garnet  harzburgite,  spinel  lherzolite,  spinel  dunite,  spinel  mica-lherzolite  and 
spinel-mica  harzburgite.  Primary  phases  are  olivine  (Fo88-90)’  low-AI-Ca  enstatite  (En89-92> 

Cr  pyrope  (Cr2C>3  ~6%,  CaO  -6%),  Cr-endiopsides  (Ca/(Ca+Mg)  ~0.4),  spinel  (O2O3 
~45%,MgO  12-16%),  and  Ti-phlogopite  (TiC>2  ~  4%,  MgO  -22%).  In  the  garnet-bearing 
lherzolites  and  harzburgites,  garnets  are  surrounded  by  spinel-2  pyroxene  coronas,  and  other 
rocks  contain  veins  or  patches  of  glass  that  has  precipitated  diopside,  mica,  high-Fe  zoned  spinel, 
calcite,  harmotome  and  unknown  high-Ba  phases;  glass  compositions  are  highly  variable  and 
range  from  high-Ba,  to  high-Fe  and  high-K  varieties. 

Element  partitioning  in  the  garnet  lherzolites  (2-pyroxene  solvus  and  A1  contentof  orthopyroxene 
in  equilibrium  with  garnet  gives  their  equilibration  conditions  as  1275°C  and  40kb.  This 
temperature  is  greater  than  those  calculated  for  other  garnet  lherzolite  xenoliths  that  occur  in 
contemporary  small  volcanoes  away  from  the  rift  valley  at  Lashaine  in  the  Mozambique  Fold 
Belt  170  km  to  the  north-east  (1050-1 100°C,  40-44kb^’^),  and  at  the  Igwisi  Hills  on  the 
Tanzania  Craton  some  400  km  to  the  west  of  the  Rift  Valley  (850°C,  36  kb  ^  ).  Because  all 
these  garnet  lherzolite  xenoliths  have  been  derived  from  the  same  depth  range  in  the  upper 
mantle,  those  brought  to  the  surface  at  Labait  signal  a  thermal  anomaly  beneath  the  southern  tip 
of  the  East  African  rift  system.  Moreover  the  reaction  coronas  around  the  garnets  are  consistent 
with  substantial  decompression  in  a  rising  mantle  diapir.Finally,  some  of  the  spinel  peridotite 
xenoliths  at  Labait  have  been  partly  melted  and  metasomatised,  with  the  development  of  a 
variety  of  K-,  Fe-  and  Ba-rich  glasses  and  minerals.  The  thermal  anomaly  signalled  by  the  garnet 
lherzolites  is  apparetly  accompanied  by  melting  and  metasomatism  in  the  spinel  peridotite 
xenoliths  that  are  derived  from  shallower  depths  in  the  upper  mantle. 
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Spec.  Pap.  136  (1972);  3.Dawson,  J.B.  Tectonophysics  204,  81-92,  (1992);  4.  Nyblade,A.A., 
Pollack, H.N.,  Jones, D.L.,  Podmore,F.  &  Mushayandebvu.,M.  J.Geophys  Res.  95,  17371-17384 
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J.Petrol.  19,  463-513  (1978);  9.  Brey,  G.  P.  &  Kohler,  T.  J.  Petrol.  31,  1353-1378  (1990);  10. 
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SMALL  SCALE  OXYGEN  ISOTOPE  VARIATIONS  IN  ULTRADEEP  (>300  KM)  AND 
TRANSITION  ZONE  XENOLITHS 
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The  oxygen  isotopic  composition  of  6  mantle  xenoliths  for  which  an  origin  in  the  transition  zone 
can  be  deduced  from  their  mineralogy  (Haggerty,  1994)  have  been  investigated.  Our 
measurements,  using  the  laser  fluorination  technique,  demonstrate  that  ultramafic  mantle  rocks 
from  the  transition  zone  have  an  isotopic  composition  indistinguishable  from  that  of  the  upper 
mantle  (Mattey  et  al.,  1994).  Some  of  the  xenoliths  show,  however,  fractionation  features  which 
are  unexpected.  Individual  mineral  grains,  selected  to  be  clear  and  free  of  any  visible  signs  of 
alteration,  show  evidence  of  isotopic  disequilibrium  on  the  sub-millimeter  scale. 

Garnets  and  olivines  tend  to  have  a  fairly  restricted  5180  range,  while  clino-  and  orthopyroxenes 

on  the  other  hand  display  much  wider  variations.  The  smaller  variability  of  51800ijVjne  compared  to 
that  of  the  coexisting  pyroxene  contrasts  with  the  observation  made  in  upper  mantle  xenoliths, 

where  generally  the  variability  of  518OpyroXene  is  less  than  that  of  coexisting  olivine  (e.g.  Kyser  et 
al  1981,  1982,  Rosenbaum  et  al.  1994).  Examination  of  the  ISO  fractionation  between  coexisting 
minerals  on  the  mm  scale  revealed  a  range  of  Acpx_0i  from  -3.1 1  to  0.2  o/oo  within  one  specimen. 
Aopx-oi  fractionations  ranging  from  -0.49  to  0.03  o/oo  are  observed.  Within  one  specimen 
fractionations  consistent  with  high  temperature  equilibrium  are  found  20  mm  away  from 
fractionations  which  clearly  represent  disequilibrium. 

Some  of  the  observations  can  probably  be  attributed  to  secondary  hydrothermal  alteration.  There 
are  others,  however,  which  are,  with  the  evidence  at  hand,  hard  to  reconcile  with  this  concept.  The 
most  notable  is  the  cpx-gamet  fractionation.  Based  on  data  for  the  upper  mantle,  an  average 
fractionation  of  0.24  o/oo  is  expected  (Mattey  et  al.,  1994),  which  is  consistent  with  theoretical 
computations  (Kieffer,  1982,  Zheng,  1993).  In  the  samples  studied  the  cpx-gamet  fractionation  is, 
however,  consistently  negative.  Since  a  negative  fractionation  is  observed  in  cases  where  fresh 
clinopyroxene  resides  in  the  center  of  fresh  garnet  grains  other  mechanisms  need  to  be  considered. 

The  exsolution  of  pyroxene  from  the  majorite  involves  major  structural  changes.  Not  only  must 
cation  diffusion  occur,  but  also  changes  in  the  oxygen-cation  bonding,  as  well  as  a  change  in  the 
density  of  the  packing  of  oxygen.  In  the  exsolution  two  phases  are  formed  which  differ  by  about 
14%  in  the  density  of  their  O  packing.  Kinetic  isotope  effects  could  occur  in  the  processes 
affecting  oxygen  atoms  during  the  exsolution  process. 

The  survival  of  isotopic  disequilibria  established  in  the  mantle  places  limits  on  the  time  interval 
between  the  commencement  of  isotopic  change  in  the  mantle  and  the  removal  of  the  xenolith  from 
it.  E.g.  the  negative  pyroxene-olivine  fractionation  in  upper  mantle  xenoliths  can  be  understood  if 
isotopic  re-equilibration  occurs  in  a  fluid  dominated  system  in  which  pyroxene  reacts  by  an  order 
of  magnitude  faster  than  olivine.  A  condition  for  the  preservation  of  the  state  of  isotopic 
disequilibrium  is,  that  the  exchanging  rock  be  removed  quickly  from  the  mantle  after  the  interaction 
with  the  fluid  started  (Rosenbaum  et  al.  1994). 

For  a  particular  clinopyroxene  grain  (1mm  radius)  embedded  in  a  garnet  (5mm  radius),  a  diffusion 
model  was  constructed.  The  observed  isotopic  composition  of  the  clinopyroxene  is  5.2  o/oo,  while 
that  of  the  garnet  is  5.7  o/oo.  For  temperatures  between  1200  and  1300  °C  an  equilibrium 
fractionation  of  1.0003  between  clinopyroxene  and  garnet  is  assumed,  and  a  diffusion  coefficient 


126 


of  1014  cm2/sec  for  clinopyroxene  (Connoly  and  Muehlenbachs  1988,  Fortier  and  Giletti  1989, 
Farver  1989,  and  Elpick  and  Graham,  1990)  and  10-17  cm2/sec  for  garnet  (Fortier  and  Giletti, 
1989). 

Since  the  original  state  of  disequilibrium  is  not  known  various  initial  isotopic  composition 
differences  were  assumed.  If  initially  the  clinopyroxene  was  depleted  by  2  o/oo  with  respect  to  the 
garnet  (a  rather  unlikely  case)  within  3X106  years  the  presently  observed  state  of  disequilibrium 
would  have  been  attained.  If  the  initial  disequilibrium  was  about  1  o/oo,  the  observed  state  would 
have  been  achieved  within  400  000  years. 

A  series  of  computed  isotopic  composition  profiles  demonstrates  how  the  presently  observed 
isotope  distribution  would  evolve  during  prolonged  exposure  to  a  temperature  between  1200  and 
1300°C.  Within  less  than  1  million  years  isotopic  equilibrium  would  have  been  established  across 
the  contact  and  within  about  2  million  years  the  isotopic  contrast  between  the  two  minerals  would 
have  disappeared.  Within  30  my,  isotopic  equilibrium  would  be  expected  to  have  been  established. 

The  analysis  suggest  that  the  observed  isotope  distribution  would  have  a  life  on  the  order  of  less 
that  106  years  before  it  would  have  become  significantly  changed.  It  hence  must  have  been 
produced  either  during  or  shortly  before  the  eruption  of  the  kimberlite  and  the  rapid  cooling  of  the 
xenoliths  contained  in  it. 

The  observations  made  for  transition  zone  mantle  xenoliths  demonstrate  similarities  as  well  as 
differences  in  the  8180  record  compared  to  that  of  upper  mantle.  The  observed  isotopic 
disequilibrium  may  have  multiple  causes  including  fluid-mantle  interactions  (Lowry  et  al.  1994)  as 
well  as  kinetic  effects  in  the  exsolution  of  clinopyroxene  from  majorite.  The  extent  of  preservation 
of  isotopic  disequilibria  places  limits  on  the  timing  of  the  processes  inducing  them  and  the  removal 
of  xenoliths  from  the  mantle. 
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THE  KUNDELUNGU  KIMBERLITES  (SHABA,  ZAIRE)  PETROLOGY  AND 
GEOCHEMISTRY  (TRACE  ELEMENTS  AND  RADIOGENIC  ISOTOPES) :  A  REVIEW 


D.  Demaiffe(l),  M.  Kampata(2),  D.  Weis(l)(3),  J.  Moreau(2)  and  J.  Hertogen(4). 
(1)  P6trologie  et  geodynamique  chimique  (CP160/02),  Univ.  Libre  de 
Bruxelles,  1050  Bruxelles,  Belgium.  (2)  Labo.  de  Min6ralogie,  Univ.  de 
Louvain,  1348  Louvain-La-Neuve.  (3)  FNRS  Senior  Research  associate.  (4) 
Afdeling  Fysico-chemische  Geologie,  Katholieke  Univ.,  3030  Leuven. 


Zaire  has  been  one  of  the  main  diamond  producers  in  the  world  since  the 
beginning  of  this  century.  Diamonds  are  related  to  the  Mbuji  Mayi 
kimberlites  of  Kasai  (first  province),  which  intrude  the  Archean  Congo 
Craton.  The  second  kimberlite  province  of  Zaire,  occurring  on  the  Kundelungu 
Plateau,  has  been  poorly  studied  since  the  pioneering  work  of  Verhoogen 
(1938)  because  it  is  very  poor  in  diamond. 

Twenty  four  pipes  are  known  on  the  plateau,  over  on  area  of  4500  km2-  They 
are  arranged  along  two  N-S  trending  alignments,  14  rather  clustered  pipes 
in  the  Western  group  and  10  in'  the  Eastern  group.  The  kimberlites  intrude  a 
basement  belonging  to  the  south-western  extension  of  the  1.9  Ga  Bangweulu 
block.  The  intrusion  age  is  not  known:  stratigraphically,  the  pipes  are  post- 
Kundelungu  (Upper  Precambrian)  and  pre-Miocene  (Miocene  sands  contain  the 
typical  kimberlite  minerals);  they  are  possibly  of  Upper  Cretaceous  age  as 
many  African  kimberlites,  in  particular  the  Mbuji  Mayi  kimberlites. 

Ten  pipes  (5  from  each  group)  have  been  recently  studied  in  detail  (Kampata 
PhD  Thesis,  1993):  most  of  them  are  made  of  rare,  unaltered  and 

unbrecciated  fresh  kimberlites. 

The  two  groups  are  very  similar  in  terms  of  petrography  and  mineralogy:  the 
textures  of  the  rocks  are  porphyritic  with  macrocrysts  of  olivine  (Fo85-91), 
garnet,  pyroxene  and  ilmenite  in  a  dark,  fine-grained  matrix  consisting  of 
olivine,  spinel,  perovskite,  serpentine  and  calcite.  Following  the 
classification  of  Clement  and  Skinner  (1985),  the  rocks  correspond  to 

macrocrystic  hypabyssal  kimberlites.  Monticellite  occurs  only  in  the 
western  group;  two  different  habits  of  monticellite  of  the  same 
composition  (Mo74-85  Kill-79  Fo2-7;  Kampata  et  al.,1994)  characterize 
the  Gwena  pipe:  small  (5-10  |xm)  euhedral  grains  in  the  matrix  and 

overgrowths  (rims)  over  serpentinized  olivine  microphenocrysts. 

The  kimberlites  contain  ultramafic  nodules  (lherzolite,  harzburgite, 
wehrlite  and  dunite)  with  granular  texture;  only  one  sheared  lherzolite  was 
found.  Eclogite  nodules  are  rare.  P-T  equilibrium  conditions  deduced  from 
the  mineral  assemblages  define  a  fairly  large  range,  from  770  to  1100°C 

and  from  28  to  51  kbars  for  the  granular  lherzolites.  In  a  P-T  diagram,  these 
data  plot  along  the  Precambrian  shield  geotherm  of  Pollack  and  Chapman 
corresponding  to  a  surface  heat-flow  of  40  mW/m2  The  sheared  lherzolite 

129 


equilibrated  at  higher  P-T  conditions  (1380°  C,  61  kbars)  distinctly  above 
the  geotherm. 

The  megacryst  suite  comprises:  1)  olivine  (Fo90-93);  2)  Ca-rich  (>4.5  wt  % 
CaO)  garnets,  some  rich  (>2.5  %)  and  some  poor  in  QiC^  (low-Ca  garnets 
have  never  been  found  neither  in  the  diamond-poor  Kundelungu  kimberlites 
nor  in  the  diamond-rich  Mbuji  Mayi  kimberlites);  3)  two  types  of 
clinopyroxenes:  a  sub-calcic  (Ca/Ca  +  Fe  =  0.36-0.39)  Cr-poor  type  and  a 
calcic  (Ca/Ca  +  Fe  =  0.41-0.45)  Cr-rich  (1.5-2. 7  %  Ci*203)  type.  Application 
of  the  20  kbars  pyroxene  solvus  of  Lindsley  and  Dixon  (1976)  gives  a  wide 
range  of  crystallization  temperature  (1000-1450°C);  4)  ilmenites  plot  along 
the  magmatic  Mg-enrichment  trend  of  Haggerty  et  al.  (1979);  non  magnetic 
ilmenites  are  rich  in  the  geikielite  end-member  (up  to  60  mol%  MgTiC>3);  5) 
orthopyroxenes  (up  to  8  cm  long)  are  Ca-poor  (0.07-0.42  %  CaO)  enstatites 
or  Ti-bronzites;  6)  phlogopite  occurs  in  some  pipes  only. 

Thirty  fresh  kimberlites  from  10  pipes  have  been  analysed:  their 
compositions  are  very  similar.  They  appear  primitive  on  the  basis  of  their 
high  MgO  (28-34  %),  Ni  (950-3000  ppm)  and  Cr  (1400-1750  ppm)  contents. 
When  compared  to  other  "group  I"  kimberlites  (Smith,  1983),  they  are  among 
the  most  highly  enriched  in  LREE  (Lajvj  =  300-400)  but  depleted  in  HREE  (Yb>j  = 
2-3).  Absolute  REE  contents  cover  a  remarkably  small  range  (~15  %  around 
mean  values).  Two  altered  samples  show  extreme  REE  enrichment  (La>j  = 
3000-9000,  YbN  =  70-100)  except  Ce,  resulting  in  an  apparent  negative  Ce 
anomaly.  Chondrite-normalized  spidergrams  show  important  enrichment 
(200  to  3000)  for  most  incompatible  elements  (except  K). 

The  initial  (at  70  Ma)  Sr  and  Nd  isotopic  compositions  of  the  kimberlites 
display  a  narrow  range  of  values:  87Sr/86Sr  =  0.70393-0.70487  and 

143Nd/144Nd  =  0.51266-0.51277  (  fNd  =  +2.1  to  +4).  These  values  are 
comparable  to  those  of  Mbuji  Mayi  kimberlites  (Weis  and  Demaiffe,  1985) 
and  to  group  I  kimberlites.  These  compositions  imply  a  time-integrated 
LREE-depleted  mantle  source-region  comparable  to  the  OIB-type  source  and 
could  indicate  an  asthenospheric  (convective)  origin  for  the  kimberlitic 
magma. 

One  altered  sample,  highly  enriched  in  REE  (1515  ppm  Nd,  202  ppm  Sm),  has 
a  slightly  negative  6  Nd  (-1)  with  a  "normal"  87Sr/86Sr  ratio  (0.70447). 

Two  crustal  xenoliths  (a  micaschist  and  a  gneiss)  have  been  analysed:  their 
isotopic  compositions  at  70  Ma  are  very  radiogenic  in  Sr  (0.717-0.770)  and 
very  unradiogenic  in  Nd  (6Nd  =  -16  and  -30). 

The  Sr-Nd  isotope  systems  of  the  kimberlites  do  not  show  any  crustal 
influence,  except  maybe  for  the  altered,  REE-rich  samples.  Several 
megacrysts  (Cr  poor  cpx,  opx,  garnet)  and  two  mantle  xenoliths  (one 
lherzolite  and  one  eclogite)  have  also  been  analysed:  except  the  opx 
megacryst  with  6  Nd  =  -2.8,  all  these  samples  have  positive  initial  6  Nd 
values  (+1.1  to  +2.6)  comparable  to,  but  slightly  less  positive  than  their 
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host  kimberlites.  Cpx  have  low  87sr/86Sr,  close  to  0.7040  while  opx  and 
garnet  have  higher  values,  up  to  0.7072  and  0.7111  respectively. 

Initial  Pb  isotopic  data  for  the  fresh  kimberlites  are  in  the  range 
206Pb/204Pb  =  18.51-19.8  and  2°7Pb/204Pb  =  15.64-15.72.  The  REE  rich 
sample  has  higher  ratios:  20.35  and  15.75  respectively.  These  data  plot  to 
the  right  of  the  geochron.  The  initial  207Pb/204Pb  are  significantly  higher 
than  those  reported  for  MORB  and  OIB  but  are  comparable  to  those  of  many 
group  I  kimberlites.  It  is  interesting  to  note  that  recent  East  African  rift 
volcanics  have  still  higher  207Pb/204Pb  (up  to  15.82)  for  comparable 
206pb/2°4pb  (Davies  and  Lloyd,  1988). 

Although  high  207Pb/204Pb  ratios  are  often  ascribed  to  contamination  by  old 
crustal  material,  the  only  measured  crustal  xenolith  (a  micaschist)  has 
much  less  radiogenic  Pb  isotopic  composition  (206Pb/204Pb  =  16.29  and 
207Pb/204Pb  =  15.59);  this  type  of  material  is  obviously  not  responsible  for 
the  high  207Pb/204Pb  of  the  kimberlites.  In  the  207/204-206/204  Pb 
diagram,  the  data  points  for  the  Kundelungu  kimberlites  and  cpx  megacrysts 
display  a  linear  array.  If  considered  as  a  secondary  isochron,  this  line 
corresponds  to  an  "age  value"  of  roughly  400  Ma  which  has  no  geological 
meaning.  On  the  other  hand,  the  array  points  towards  the  St  Helena  field,  the 
HIMU  component  of  the  oceanic  mantle;  this  array  could  then  tentatively  be 
interpreted  as  a  mixing  line  between  a  group  I  kimberlite  component  and  the 
HIMU  component. 

Very  few  diamonds  have  been  collected  in  the  alluvial  deposits:  most  of 
them  are  grey  stones  (cubic,  octaedral,  irregular).  The  range  of  013Cpdb  f°r 
5  stones  is  rather  narrow:  -5.28  to  -8.42  %o  (Kampata  et  al.,  in  press) 
which  is  similar  to  the  range  of  P-type  diamond.  One  diamond  has  a  313Cpdb 
value  of  -22.8  °/oo,  comparable  to  E-type  diamond.  A  composite  diamond 
made  of  two  crystals  has  been  found  in  the  Gwena  pipe:  each  part  has  a 
distinct  isotopic  signature  (-8.5  °/oo  and  -14.4  °/oo)  which  suggests  complex 
crystallization  and  growth  history. 

The  fresh  Kundelungu  kimberlites  are  very  homogeneous  for  their 
mineralogical,  geochemical  and  isotopic  compositions.  They  formed  by  very 
uniform  magmatic  processes  (degrees  of  melting  and/or  fractional 
crystallization);  This  suggests  that  the  whole  kimberlite  province  may  have 
been  formed  by  a  single  magmatic  event  that  extracted  the  magma  from  an 
homogeneous  source  region  within  the  mantle.  The  Nd-Sr  isotopic  signature 
of  the  kimberlites  suggests  that  the  kimberlitic  magma  originated  in  the 
depleted  asthenospheric  (convective)  mantle  and  not  in  the  thickened, 
possibly  enriched,  lithospheric  mantle  beneath  the  Archean  Congo  Craton. 
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PERMAFROST- THERMAL  CONDITIONS  OF  KIMJ3ERLEYTE  TUBES  OF  YAKUTIA. 

Devyatkin  V.N.,  An  V.V. 

Institute  of  cryosphere  of  Earth  of  SB  RAS 
.625000,  Tyumen,  p/b  1230,  Russia 

The  effective  development  of  the  diamond  deposits,  placed  in 
the  regions  with  the  permafrost,  are  possible  only  under  the 
preliminary  investigations  of  the  heat  state  of  the  cryolithozone 
and  of  the  underlying  thawed  rocks.  The  results  of  the 
investigations  of  the  permafrost-thermal  state  of  the  kimberleyte 
tubes  (Aykhal,  Sytykan,  Yubileynaya,  Mir.  and  International ynaya) , 
taking  part  in  the  Daldyn-Alakit  and  Malo-Botuobiya  diamond 
provinces  of  the  eastern  part  of  the  Siberian  platform 
(Devyatkin,  Shamshurin,  1978,  1980;  Devyatkin,  Gavrilyev,  1981; 
Devyatkin,  Balobaev,  1984)  are  adduced  in  the  report. 

In  this  region  the  permafrost  has  a  continious  spreading 
up  to  the  depth  of  500-1500  m  and  is  characterized  by  the 
temperatures  of  from  -8  to  -2°C  on  the  depth  of  20  m  to  5-l6°C  on 
the  depth  of  the  lying  of  the  crystal  foundation  (1700-1800  m) 
with  the  small  values  of  the  geothermical  gradients  (1-10  mK/m) 
and  the  heat  flow  of  8-30  mW/m2  In  the  frozen  and  in  the 
underlying  rocks. 

The  characteristic  feature  of  the  Anabar  and  Nepsko- 
-Botuobiya  antyklines  (in  limits  of  which  are  placed  the  diamond 
deposits)  is  the  low  temperature  of  its  entrails  and  the  anomally 
low  heat  flow.  The  spacious  most  raised  and  ancient  part  of  the 
Siberian  platform,  made  up  by  the  crystal  and  sedimentary 
carbonate  rocks  of  Proterozoic,  and  Palaeozoic,  generate  the  heat 
flow,  which  is  not  more  than  30  mW/m2.  This  fact  is  confirmed  on 
the  whole  number  of  regions  and  has  the  explanation,  firstly,  by 
the  long-time  tectonic  passiveness  of  this  part  of  the  platform 
and,  secondly,  by  the  presence  of  the  thick  high-heat-conducting 
carbonate  salted  rocks  and-,  thirdly,  this  part  of  the  platform  is 
placed  in'  the  subpolar  region  and  is  subjected  already  to  the 
intensive  cooling  during  several  millions  years.  The  deep 
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penetration  of  the  negative  temperatures  into  the  rocks  connect 
with  the  low  heat  flow.  The  geothermical  data,  obtained  in  the 
studing  diamond  region  confirm  the  justice  of  taking  the  central 
part  of  the  Siberian  platform  with  the  Anabar  antykline  to  the 
most,  ancient  blocks  of  earth  core  with  the  stabilized  tectonic 
regime  (Balobaev,  Devyatkin,  1983). 

The  cryolithozone  has  the  two-layer  structure.  The  rocks  of 
the  lower  layer  have  no  ice,  their  pores  and  cracks  are  filled  in 
by  the  pickles  of  the  top  concentration  with  the  negative 
tamperature,  that  have  been  restricted  the  depth  of  the 
development  of  the  kemberleyte  bodies  by  the  quarry  way  So  fas 
as  the  hydrogeological  condition  had  been  formed  in  the  region 
long  before  to  the  deep  freezing  of  the  rocks,  it  should  be  to 
consider  the  upper  layer  as  one  of  the  free  water-change,  being 
now  in  the  frozen  state.  In  the  Malo-Botuobiya  diamond  province 
the  their  low  limit  has  been  conditioned  by  the  geological 
condition  and  is  placed  approximately  in  the  limit  of  the  foot  of 
the  upper- lena  suite  and  of  the  proof  of  the  first  water  horizone 
(later  is  lay  on  the  depth  of  300  to  400  m  according  to  the 
hydrogeological  investigations) .  The  thickness  of  the  rocks  with 
the  negative  temperatures,  as  showed  the  geothermical 
observations,  changes  from  330  to  830  m.  The  analoguous 
regularities  of  the  distribution  of  the  frozen  and  cooled  rocks 
with  the  negative  temperatures  have  been  observed  in  too  the 
Daldyn-Alakit.  diamond  province,  '  where  the  cryolithozone  has  the 
thickness  of  800  to  1500  m. 

By  the  geothermical  investigations  had  been  revealed  the 
negative  temperature  anomalies/  arising  above  the  kemberleyte 
bodies  in  consequence  of  the  differentiation  of  the  heat 
conductivity  of  the  kemberleyte  and  the  containing  rocks.  So, 
above  the  kemberleyte  body  of  the  Sytykan  tube  had  been  fixed  (on 
the  depth  of  30  m)  the  temperature  of  3°  below  than  one  in  the 
containing  rocks.  With  the  depth  and  with  the  decreazing  of  the 
tube  size  the  indicated  difference  is  decreased  noticeably.  So, 
for  instance,  on  the  depths  of  300  and  300  m  this  difference  are 
1.5  and  0.5°  accordingly  (Devyatkin,  Shamshurin,  1978).  The  most 
low  temperatures  are  timed  to  the  central  part  of  the  kemberleyte 
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body,  but  the  most  high  are  to  the  near-cdntact  zone  and  its 
containing  rocks. 

Taking  into  account  that  modem  geothermical  technique  allow 
to  fix  the  temperature  of  the  rocks  with  the  error  up  to  ±0.05° 
it  is  obvious  that  the  geothermical  method  has  the  possibility 
for  the  search  and  contouring  of  the  kemberleyte  bodies 
(Dmitrieva,  Kulagin,  Lakhtionov  et  al.,  1979). 
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Doroshev1 ,  A. M .  ,  Pal ' yanov^ , Yu . N .  ,  Turkin1 ,  A.  I .  , 

Khokhryakov^ ,  A.  F ,  Borzdov^  ,  Yu .  M .  ,  Sokol^,A.G. 

1.  Institute  of  Mineralogy  and  Petrography,  Siberian  Branch  of 
the  RAS ,  Universitetskii  pr.3,  Novosibirsk,  630090,  Russia. 

2.  Design  and  Technologic  Institute  of  Monocrystalls ,  Siberian 
Branch  of  the  RAS,  ul.Russkaya,  43,  Novosibirsk,  630058,  Russia 

Introduction.  Factual  data  unambiguously  proves  that  diamond 
is  syngenetic  with  sulfide,  silicate  and  oxide  minerals  whose 
investigation  allowed  establishment  of  ultrabasic  and  eclogitic 
types  of  diamond  paragenesis  ( Sobolev, 1985 ) .  The  process  of  dia¬ 
mond  crystallization  in  the  field  of  its  thermodynamic  stability 
from  metal-carbonic  melt  is  the  best-studied  nowadays.  Treating 
the  Me-C  system  as  a  particular  case  of  the  systems  "solvent- 
carbon"  in  this  paper,  we  made  attempts  to  experimentally  real¬ 
ize  joint  crystallization  of  diamonds  with  the  minerals  of  ec- 
logites  and  peridotites. 

Experimental  methods.  The  experi¬ 
ments  were  carried  out  in  a  split- 
sphere  multi-anvil  apparatus  in  the 
range  of  pressures  55-60  kbar  and  tem¬ 
peratures  1400-1550°C  in  the  system 
Ni-Fe-C  (Pal'yanov  et  al .  ,  1990).  The 

scheme  of  the  reactional  zone  of  the 
cell  is  shown  in  Fig.l.  The  mixture  of 
Ca,  Mg,  Al ,  and  Si  oxides  was  used  as 
"eclogite" ( E )  and  " Iherzolite"  (L)  ad¬ 
ditive  to  the  metal-carbonic  charge. 

The  proportion  of  this  mixture  was  set 
on  the  basis  of  the  average  value  for 
typical  samples  of  eclogites  and  lher- 
zolites  from  pipe  MIR  (Vladimirov  et 
al.,1976).  On  separate  crystallization 
of  L  and  E  mixtures  in  Pt  capsule  at 
50  kbar  and  1250°C  ,  Fo+Opx+Cpx+Gar  and  Gar+Cpx,  respectively, 
were  formed.  In  a  number  of  experiments  these  phases  were  added 
to  the  metal-carbonic  charge  instead  of  the  oxide  mixture.  The 
quantity  of  the  additive  was  0:5-5  wt  %.  Pellets  of  L-  and  E- 
mixture  were  additionally  placed  in  the  center  of  reactional 
zone  in  runs  510  and  512,  respectively.  The  phases  were  identi¬ 
fied  by  optical  and  X-ray  methods.  The  composition  of  phases 
was  determined  by  microprobe  analyzer  CAMECA  MS  46. 

Results  and  discussion.  The  conditions  and  results  of  experi¬ 
ments  are  given  in  tables  1  and  2.  In  the  "clear"  system  Ni-Fe-C 
without  oxide  additives,  diamond  grows  as  flat-faced  crystals  of 
octahedra  with  minor  faces  {100}  and  {311}.  It  was  establi-shed 
that  addition  of  oxides  leads  to  a  decrease  in  mass-tran-sport 
of  carbon  and,  respectively,  to  a  decrease  in  the  growth  rate  of 
diamond  crystals.  With  the  quantity  of  additives  0.5wt%,  the 
morphology  of  diamond  does  not  change.  Crystals  become  stressed 
and  block-like  due  to  formation  of  dispersed  silicate 
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MgU+NaUl 

eilicate- 
/  oxide 
pellet 

polycrystals 
of  diamond 

Ni-Fe-C 
charge 
monocrystal 
of  diamond 

seed  crystal 
Fig.  1  Scheme  of  rcactional  zone  of  cell. 
Letters  designate  localization  sites  of 
studied  silicate-oxide  phases:  (c)-central 
pellet.  (I)-inclusions  in  diamond,  and 
(m)-grains  in  Me-C  charge. 


Table  1.  Conditions  and  results  of  experiments  (P=55-60  kbar) 


Run 

T,°C 

Time. 

hours 

Add(w.%) 

Phases 

Diamond  faces 
main  minor 

Growth,  rate, 
mg/hour 

496 

1400 

38 

L(5) 

Ol.Cp.Op.Cor 

{111} 

{110} 

0.34 

499 

1400 

38 

E(5) 

Gar.Cp.Cor 

{100} 

{111} 

0.30 

510 

1400 

39 

L(0.5) 

Gar.Cp.Op.Cor.Co 

{111} 

{ 100}. {31 1} 

1.0 

512 

1400 

39 

E(0.5) 

Gar.Cp.Cor 

{111} 

{100}, {31 1} 

0.70. 

533 

1400 

40 

Py(0.5) 

Gar 

{111} 

{ 100}. {3 1 1 } 

0.75 

539 

1550 

20 

E*(2) 

Gar.Cp 

{111} 

- 

- 

Con  Co.  Py  -  corund.  coesite.  synthetic  pyrope;  E.L  -  eclogitic  or  lhercolitic  composition  .  * -crystalline  phases 


Table  2.  Results  of  microprobe  analysis  of  phases  (average  values) 


Run 

Ph 

loc* 

CaO 

Ti02 

MnO 

Na2 

MgO 

Si02 

ADO 

FeO 

NiO 

Total 

O 

3 

496 

Ol 

m 

0.563 

- 

0.000 

0.270 

50.36 

41.11 

0.245 

8.32 

0.334 

100.20 

Op 

m 

1.11 

- 

0.002 

0.601 

33.71 

57.16 

0.567 

7.52 

0.269 

100.95 

Cp 

m 

9.39 

- 

0.004 

3.68 

20.18 

57.19 

4.40 

5.24 

0.116 

100.20 

Co 

m 

0.033 

- 

0.000 

0.112 

0.227 

0.371 

97.00 

0.258 

0.069 

98.07 

499 

Cpl 

m 

15.89 

- 

0.000 

5.21 

10.75 

55.86 

5.38 

7.68 

0.261 

101.03 

CP2 

m 

21.40 

- 

0.000 

0.054 

3.99 

49.77 

0.373 

24.32 

0.984 

100.89 

Cor 

m 

0.372 

- 

0.000 

0.000 

0.272 

0.192 

98.05 

0.848 

0.033 

99.77 

510 

Gar 

c 

3.75 

- 

0.006 

0.050 

27.40 

43.68 

23.55 

0.273 

0.026 

98.73 

Op 

c 

0.792 

- 

0.005 

0.039 

38.96 

58.18 

1.21 

0.100 

0.050 

99.33 

Cp 

c 

20.30 

- 

0.007 

0.252 

21.62 

55.35 

1.59 

0.075 

0.025 

99.21 

Cor 

c 

0.029 

0.018 

- 

0.023 

0.229 

0.254 

94.65 

0.039 

0.014 

95.26 

Cp 

i 

20.67 

- 

0.003 

0.511 

20.60 

54.50 

0.542 

2.23 

0.776 

99.83 

Cor 

i 

0.132 

- 

0.002 

0.019 

0.392 

0.396 

96.01 

0.226 

0.163 

97.33 

Co 

i 

0.014 

- 

0.000 

0.021 

0.000 

97.83 

0.000 

0.384 

0.294 

98.54 

512 

Gar 

c 

5.61 

0.007 

- 

0.061 

25.73 

44.19 

24.22 

0.021 

0.009 

99.85 

Cp 

c 

22.65 

0.006 

- 

0.088 

19.61 

53.07 

2.58 

0.089 

0.209 

99.31 

Co 

c 

0.032 

0.015 

- 

0.008 

0.000 

99.34 

0.000 

0.016 

0.020 

99.43 

Cor 

c 

0.060 

0.000 

- 

0.010 

0.292 

0.337 

94.50 

0.044 

0.005 

95.25 

Cp 

i 

20.53 

- 

0.000 

1.12 

16.65 

53.17 

1.13 

6.11 

0.930 

99.64 

533 

Gar 

i 

0.049 

- 

0.000 

0.053 

30.83 

44.15 

24.12 

0.520 

0.195 

99.91 

*  loc  -  site  of  phase  localization  in  cell  (see  fig.  1.) 


inclusions  whose  presence  proves  selective  capturing  of  silicate 
and  oxide  inclusions  by  growing  diamond  (Pal'yanov  et  al.,1994). 
An  increase  in  additives  to  5  wt%  results  in  formation  of  skele¬ 
tal  and  block-like  diamonds (+L)  or  aggregative  intergrowths  of 
microcrystals (+E ) .  The  diamond  morphology  drastically  changes. In 
L-containing  charge,  diamond  forms  crystals  of  octahedron-dodeca¬ 
hedron  series.  In  E-containing  charge,  diamonds  have  a  cubic 
habit  with  minor{lll};  flat  faces{100}  are  absent.  Surfaces{ 100} 
are  represented  by  octahedral  apexes.  We  analyzed  silicate  and 
oxide  phases  localized  in  three  different  zones  of  the  reactional 
volume  of  cell (see  Fig.l):  c-in  control  pellet,  m-segregations  in 
metal  and  i-inclusions  in  diamond.  It  was  optically  established 
that  the  occurrence  of  silicate  minerals  in  metal  is  possible  at 
rather  low  concentrations  of  silicate  additive  (0.5  wt% ) .  How¬ 
ever,  accumulations  of  grains  accessible  for  microprobe  analysis 
was  observed  when  the  quantity  of  additive  was  2  wt%  and  more. 
Microprobe  analysis  of  synthetic  silicates  from  metal  and  inclu¬ 
sions  showed  the  presence  of  iron  and  sodium,  borrowed  from  the 
components  of  cell  assemblage.  The  amount  of  these  components 
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from  the  control  pellet  is  small, 
the  same  as  in  garnet  inclusions 
from  run  533.  The  contents  Fe,  Na, 
and  Al  in  the  same-type  silicates 
were  heterogeneous.  The  phases  of 
olivine-two-pyroxene  association 
are  compositionally  similar  to  mi¬ 
nerals  from  peridotite  inter¬ 
growths  with  natural  diamonds,  ex¬ 
cept  decreased  contents  of  Ca  in 
clinopyroxene .  Cpx  quantitatively 
dominates  in  eclogite  association. 

Gar  is  present  as  relict  grains 
substantially  replaced  by 

microcrystalline  pyroxene-bearing 
aggregate.  Cpx  is  distinctly  di¬ 
vided  into  two  types  in  composi¬ 
tion.  The  first  is  similar  to  om- 
phacites  of  eclogite  paragenesis 
from  inclusions  in  natural  dia¬ 
monds,  the  second  -  differs  in 
drastically  elevated  content  of 
iron  (Fe/Fe+Mg  to  0.9)  and  has  no 
analogs  in  basic  and  ultrabasic  rocks  syngenetic  with  diamond. 

The  points  of  clinopyroxene  compositions  are  shown  in  fig. 2.  Pre¬ 
liminary  results  allow  the  following  conclusions  to  be  made: 

1-  Ni-Fe  melt,  as  solvent  of  oxides,  does  not  prevent  crystalli¬ 
zation  of  phases  compositionally  similar  to  rock-forming  minerals 
of  diamondif errous  parageneses;  2  -  Addition  of  oxides  into  metal 
melt  involves  a  decrease  in  growth  rate  of  diamond,  change  in  its 
morphology,  and  selective  capturing  of  inclusions. 

The  research  described  in  this  publication  was  made  possi¬ 
ble  in  part  by  Grant  RCY000  from  the  International  Science 
Foundation . 
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Fig.2.  Diagram  of  sy  nthetic  clinopyroxene 
compositions  in  terms  of  MgO,  CaO  and  FcO. 
Shaded  areas  are  fields  of  natural  clinopyroxe- 
nes  included  or  intergrown  with  diamonds  of 
lherzolite(I)  and  eclogite(II)  parageneses  (So¬ 
bolev,  1974;  Bulanova  et  al.,  1993). 
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THE  ROLE  OF  CARBON  DIOXIDE  IN  THE  GENERATION  AND  EMPLACEMENT 
OF  KIMBERLITE  MAGMAS:  NEW  EXPERIMENTAL  DATA  ON  C02  SOLUBILITY 

Dreibus1,  G. ,  Brey1,  G.,  Girnis2,  A. 

1.  Max-Planck-Institut  fur  Chemie,  Abt.  Kosmochemie ,  Postfach 
3060,  55020  Mainz,  Germany 

2.  Institute  for  Geology  of  Ore  Deposits,  Petrography, 
Mineralogy  and  Geochemistry,  Staromonetny  35,  Moscow  109017, 
Russia 

The  abundance  of  primary  calcite  in  kimberlites  and  the 
explosive  mode  of  eruption  suggest  an  important  role  of  C02 
in  kimberlitic  magmatism.  Brey  et  al.  (1991)  have  shown  that 
C02  solubility  in  a  melt  similar  to  the  average  group  1A 
kimberlite  increases  from  5  wt%  at  20  kbar  to  11  wt%  at  40 
kbar.  They  also  predicted  that  at  pressure  above  45  kbar  it 
increases  sharply  and  could  be  as  high  as  20-30  wt%  at  50-60 
kbar.  Here  we  present  new  experimental  results  on  C02 
solubility  in  such  melts  at  45-55  kbar.  We  used  four  starting 
mixtures  which  were  similar  to  the  material  studied  by  Brey 
et  al.  (1991)  except  for  lower  Na20  and  some  variations  in 
CaO  and  MgO  contents  (Table  1). 

Table  1.  Compositions  of  starting  materials  used  for  the  C02 
solubility  experiments  (in  wt%,  recalculated  to  a  100  wt% 
volatile-free  basis). 


Mix  .# 

Si02 

Ti02 

A1203 

FeO 

MgO 

CaO 

Na20 

K20 

p2o5 

Kmgl 

35.2 

1.87 

3.33 

9.77 

39.0 

8.52 

0.19 

0.95 

0.95 

Kmg2 

33.6 

1.78 

3.18 

9.32 

41.8 

8.13 

0.18 

0.91 

0.91 

Real 

36.0 

1.91 

,3.41 

10.0 

35.1 

11.2 

0.20 

0.98 

0.98 

Kca2 

35.2 

1.87 

3.33 

9.77 

34.2 

13.3 

0.19 

0.95 

0.95 

K* 

36.4 

1.93 

3.45 

10.1 

35.4 

8.81 

0.81 

1.0 

1.0 

K*  -  starting  material  from  Brey  et  al.  (1991) 

The  starting  mixtures  were  prepared  from  oxides  and 
carbonates  (CaC03  and  MgC03),  bulk  C02  content  equaled  to 
approximately  30  wt%.  The  experiments  were  carried  out  on  a 
belt  apparatus  in  sealed  platinum  capsules,  4  mm  i.d.,  5  mm 
high.  The  kimberlitic  material  was  in  direct  contact  with  the 
platinum  container,  however  very  short  exposures  at  run 
temperature  (15  min)  kept  iron  loss  low  (<15%,  Brey  et  al., 
1991).  Oxygen  fugacity  was  not  buffered,  but  graphite  was 
never  found  in  run  products,  indicating  oxygen  fugacities 
above  CCO  buffer.  At  such  conditions  C02  is  the  dominating 
fluid  component.  The  majority  of  experiments  were  conducted 
above  the  liquidus  of  the  studied  kimberlites  and  only  quench 
carbonates  and  silicates  were  observed  in  the  run  products. 

In  some  cases  equilibrium  orthopyroxene  crystals  were  found 
in  amounts  of  no  more  than  a  few  percents.  All  charges 
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contained  gas  bubbles  especially  numerous  in  the  upper 
portion  of  the  capsules.  Bulk  carbon  was  determined  in  the 
quench  products  by  an  infrared  analyzer  after  oxidation  in  an 
induction  furnace.  Two  or  three  pieces  from  different  parts 
of  each  charge  were  picked  and  analyzed  separately.  The 
results  showed  the  homogeneity  of  the  run  products,  the 
difference  between  C02  concentrations  obtained  for  various 
parts  of  a  single  sample  was  always  below  1  wt%.  The  average 
C02  contents  are  shown  in  Table  2 . 


Table  2. 

Run  conditions  and 

average  C02 

concentrations . 

Mix# 

P,  kbar 

T  °C 

C02 ,  wt% 

Kmgl 

55 

1700 

21.2 

Kmgl 

47 

1650 

20.2 

Kmg2 

55 

1700 

22,9 

Kmg2 

45 

1640 

20.2 

Kcal 

55 

1700 

20.6 

Real 

47 

1650 

15.6 

Kca2 

55 

1710 

21.2 

Kca2 

47 

1650 

20.0 

Kca2 

50 

1650 

17.3 

The  C02  solubility  appeared  to  increase  moderately  with 
increasing  pressure  and  fraction  of  divalent  cations  (Ca,  Mg 
and  Fe)  in  the  melt.  Comparison  with  lower  pressure  results 
of  Brey  et  al.  (1991)  confirms  the  predicted  sharp  increase 
of  C02  solubility  in  kimberlitic  melt  at  40  -  45  kbar. 

The  saturation  of  kimberlite  with  C02  affects 
significantly  its  near-liquidus  phase  relations  (Girnis  et 
al.,  submitted).  At  55  kbar  garnet  and  magnesite  crystallize 
together  with  orthopyroxene  already  at  1670°C,  which  is  very 
close  to  liquidus  (Table  2).  At  lower  C02  contents  much 
higher  pressures  are  required  to  stabilize  garnet  on  the 
liquidus  of  such  low-alumina  melts.  Ringwood  et  al.  (1992) 
reported  garnet  crystallization  in  the  1A  kimberlite  at  more 
than  100  kbar  under  f luid-undersaturated  conditions  with  bulk 
C02  concentration  of  5  wt%. 

Proceeding  from  the  phase  equilibrium  and  solubility 
results  we  suggest  that  the  initial  melts  of  group  1A 
kimberlites  were  equilibrated  with  carbonated  garnet 
harzburgite  at  the  base  of  the  continental  lithosphere  where 
the  melts  became  C02  saturated.  The  sharp  decrease  of  C02 
solubility  at  approximately  45  kbar  resulted  in  vigorous 
degassing  at  this  level.  The  separation  of  10  wt%  of  C02 
fluid,  as  pressure  decreased  from  50  to  40  kbar,  reduced  the 
bulk  density  of  kimberlite  magma  by  approximately  4-5%. 


139 


Together  with  the  decrease  of  magma  viscosity  this  might 
trigger  rapid  magma  ascent  towards  the  Earth's  surface.  At 
pressures  between  45  and  40  kbar  a  substantial  portion  of  C02 
escapes  from  the  kimberlitic  melt,  whereas  further  ascent  to 
depths  corresponding  to  approximately  10  kbar  does  not  result 
in  significant  degassing.  The  exsolved  carbon  dioxide  may 
separate  during  its  way  through  the  lithosphere  from  the 
kimberlitic  magma  which  reaches  the  upper  levels  of  the 
Earth's  crust  containing  only  moderate  amounts  of  volatiles 
as  observed  in  kimberlites.  The  formation  of  kimberlite 
diatremes  is  related  to  the  second  episode  of  extensive 
degassing  at  pressures  below  10  kbar.  when  C02  solubility 
falls  rapidly  again  with  decreasing  pressure. 

Brey  G.P.,  Kogarko  L.N.,  Ryabchikov  I.D.  N.  Jb.  Miner.  Mh., 
1991,  159-168. 

Ringwood  A.E.,  Kesson  S.E.,  Hibberson  W.,  Ware  N.  Earth 
Planet.  Sci.  Lett.,  1992,  113,  521-538. 
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WATER  IN  THE  EARTH’S  MANTLE 


Dreibus,  G.,  Jagoutz,  E.,  Wanke,  H. 

Max-Planck-Institut  fiir  Chemie,  SaarstraBe  23,  55122  Mainz,  Germany. 

The  Earth  is  the  only  terrestrial  planet  having  larger  quantities  of  water  at  its 
surface.  The  amount  of  water  in  the  Earth's  crust  (+  hydrosphere)  is  with  6.95  %  well 
known.  The  amount  of  water  in  the  Earth's  mantle  is  much  more  difficult  to  assess.  Three 
approaches  have  been  used  by  us. 

1.  The  accretion  model: 

The  heterogeneous  accretion  model  (Wanke,  1981)  proposed  that  most  of  the  Earth's 
current  water  inventory  was  derived  from  the  late  veneer  at  the  very  end  of  accretion  when 
the  mean  oxygen  fugacity  of  the  accreting  material  became  so  high  that  metallic  iron  could 
not  exist  any  longer.  Prior  to  this  moment,  all  the  H2O  would  have  been  used  up  for  the 
oxidation  of  Fe  to  FeO  and  H2.  Huge  quantities  of  hydrogen  would  continuously  be 
produced  in  this  scenario  which  escaped.  In  the  same  moment  the  hydrogen  on  its  way  to 
the  surface  would  lead  to  an  efficient  degassing  of  the  growing  Earth's  mantle.  But  towards 
the  end  of  accretion  metal  became  unstable  and  even  the  highly  siderophile  elements 
remained  in  the  mantle  in  their  Cl  abundance  ratios.  The  concentration  of  3.2  ppb  Ir  in  the 
Earth's  mantle  corresponds  to  0.44  %  Cl  carbonaceous  chondrite  material  representing  the 
late  veneer.  With  a  Cl  H2O+ -content  of  12.8  %  recently  determined  by  us  in  2  specimens 
of  Orgueil  with  a  multiphase  carbon/hydrogen/ moister  determinator  from  LECO  the 
estimated  water  content  of  the  primitive  mantle  (mantle  +  crust)  is  830  ppm.  Subtracting 
the  amount  of  water  contributed  by  the  Earth's  crust  (410  ppm)  one  finds  for  the  Earth's 
mantle  420  ppm.  Our  earlier  estimates  of  60  ppm  mantle-water  based  on  the  7.2  %  Cl  H2O 
content  measured  by  Boato  (1954). 

2.  Water  in  oceanic  basalts  glasses: 

Recently  we  measured  the  F-  and  H20-contents  in  N-  and  P-type  oceanic  basalts  glasses 
and  found  a  good  correlation  for  these  two  elements.  The  F  contents  in  the  enriched  type 
(P)  classes  range  from  530  ppm  to  210  ppm.  The  water  concentrations  measured  in  these 
type  of  oceanic  basalts  range  between  0.84  %  and  0.46  %.  The  respective  data  for  the 
depleted  oceanic  basalts  (N-type)  are  120  ±  30  ppm  for  fluorine  and  about  0.2  %  for  H2O. 
The  obtained  F/H2O  ratio  in  these  upper  mantle  derived  rocks  is  0.05.  Assuming  the  same 
F/H2O  ratio  in  the  mantle  derived  basalts  as  for  the  source  region  we  calculated  with  the  F- 
data  for  the  upper  mantle  of  16  ppm  a  water  content  of  330  ppm.  This  value  of  330  ppm 
water  for  the  Earth's  mantle  agrees  well  with  our  new  estimate  from  the  late  veneer  with 
the  high  water  content  of  12.8  %  in  Cl  carbonaceous  chondrites  but  not  with  the  earlier 
used  lower  value. 

3.  Water  in  upper  mantle  xenoliths: 

We  also  attempted  to  measure  the  water  concentration  in  upper  mantle  xenoliths.  Therefore 
we  looked  for  primitive  undisturbed  mantle  xenoliths  containing  a  pristine  water  content. 

To  avoid  measurements  of  a  late  contamination  and  serpentinisation  we  determined  the 
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water  content  in  very  clean  hand-picked  minerals  of  spinel-olivine  harzburgite  SC23  with  a 
modal  composition  of  77  %  OL,  21  %  OPX  and  2  %  CPX  (Zindler  a.  Jagoutz,  1988).  We 
extracted  the  water  from  the  minerals  by  stepwise  heating  up  to  1200  °C  and  determined  the 
released  water  by  the  dead-stop  method  using  a  Karl  Fischer  titrator.  The  obtained  water 
concentrations  of  73  ppm  in  OL,  162  ppm  in  OPX,  and  548  ppm  in  CPX  yield  100  ppm  for 
the  clean  bulk  sample  reflecting  a  low  water  content  in  the  upper  Earth's  mantle. 

The  Earth's  mantle  water  content  of  420  ppm  as  derived  from  the  heterogeneous 
accretion  model  and  the  value  of  330  ppm  obtained  from  the  observed  correlation  of  F  with 
H2O  in  mantle  derived  basalts  indicate  that  today  a  considerable  portion  of  the  Earth's  total 
water  inventory  resides  in  the  mantle.  It  is  also  clear  that  over  the  history  of  the  Earth  the 
water  of  the  Earth's  oceans  has  been  recycled  many  times  through  the  mantle.  This  is  the 
consequence  of  plate  subduction.  In  a  similar  way  mantle  convection  was  probably 
responsible  to  bring  water  into  the  originally  dry  mantle.  As  a  consequence,  today  the  Earth 
is  wet  both  inside  and  outside. 

Boato,  G.  1954.  Geochim,  Cosmochim.  Acta  6,  209-220. 

Wanke,  H.  1981.  Phil.  Trans.  R.  Soc.  Lond.  A  303,  287-302. 

Zindler,  A.  and  Jagoutz,  E.  1988.  Geochim.  Cosmochim.  Acta  52,  319-333. 
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THERMAL  STRUCTURE  OF  LITHOSPHERE  OF  SIBERIAN  PLATFORM 
Duchkov.A.D. ,  Sokolova,L . S . 

Institute  of  Geophysics  SB  RAS,  University  Ave.,  3,  Novosibirsk 
630090,  Russia 

The  old  ( Precambr ian )  Siberian  Platform  occupies  the  central 
part  of  Northern  Asia.  The  present-day  state  of  geothermal 
investigation  permits  the  elucidation  of  only  the  most  general 
regularities  in  heat  flow  (q)  and  temperature  (T)  distributions 
( Duchkov, 1991 ;  Temperature ...» 1994  ) .  The  heat  flow  is  a  basic 
parameter  characterizing  the  modern  tectonics  activity  of  the 
lithosphere  blocks.  The  neat  flow  estimations  were  carried  out  by 
a  generally  accepted  method  which  implies  the  separate 
determinations  of  a  geothermal  gradient  (g)  and  the  thermal 
conductivity  of  rocks  (.A),  q  g.  The  temperature  measurements 
were  mainly  taken  in  boreholes  with  average  depth  of  2. 0-2. 5  km. 
In  calculating,  g-  and  q-values  the  effects  of  relief  and  surface 
temperature  changes  were  taken  into  account  when  necessary.  The 
sharp  fall  in  temperature  in  Northern  Hemisphere  in  the  Holocene 
led  to  formation  of  permafrost  (Balobaev,  1991).  These  create 
additional  problems  for  geothermal  studies.  In  compiling  the 
q-map  of  Siberian  Platform  we  used  experimental  data  of  varying 
accuracy.  These  data  are  sufficient  to  point  out  the  features  in 
a-distr ibution  of  15-20  mW/m2.  The  basic  geothermal  parameters 
for  Siberian  Platform  and  neighbour  regions  are  in  the  Table. 


Table.  Mean  values  of  geothermic  parameters 


Area 

Heat 

flow, 

mW/m2 

Temperature,  °C 

Thickness 
of  lithos¬ 
phere,  km 

0.5 

km 

i 

km 

2 

km 

3 

km 

5 

km 

Moho 

bounda¬ 

ry 

Siberian 

30 

8 

15 

30 

47 

82 

300 

more  200 

Platform 

West-Siberian 

53 

12 

29 

60 

92 

140 

480 

180 

Plate 

Uerkhoyano- 

66 

630 

140 

Kolymsk 

The  Siberian  Platform  is  characterized  by  lower  heat  flow 
with  mean  value  of  38  mW/m2  (more  200  values  from  15  to  67  mW/m2 ) 
The  northern  part  of  the  Siberian  Platform  occupies  the  vast 
Anabar  crystalline  Massif.  In  geothermal  plan  Anabar  Massif  is 
the  area  with  the  coldest  crust  and  the  lowest  heat  flow,  ranging 
from  15  to  25  roW/ra2 .  The  area  of  low  heat  flow  on  the  Siberian 
Platform  is  considerably  wider  than  the  area  of  the  Anabar  Massif 
The  Nepa-Botuoba  Arch  extend  into  it.  Here  q  does  not  generally 
exceed  20  mW/m2.  This  situation  could  account  for  the  long-term 
passivity  of  this  lithospheric  blocks,  the  great  thickness  of  the 
rocks  with  high  thermal  conductivity  and  low  radiogenic  heat 
production  (crystalline,  carbonaceous,  salt  deposits),  and 
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intensive  surface  cooling  over  an  extended  period  of  tine 
(hundreds  of  million  years).  Low  q-values  are  associated  with 
penetration  of  negative  tenperatures  (pernafrost)  into  the  Earth 
interior,  in  some  locations  -  to  a  depth  of  i *0-1 .5  kn.  Yakut  Ki- 
nberlite  Province  is  situated  in  the  limits  of  that  large  area  of 
low  heat  flow.  Low  q  is  also  typical  for  Enisev  Shield  and 
Enisey-Turukhansk  Folded  Dislocations  which  separate  Siberian 
Platforn  fron  Hest-Siber ian  Plate.  A  considerable  part  of  the 
Platform  is  occupied  by  Mesozoic  depression  structures.  In  the 
geothernal  plan  only  the  Uilyuy  and  Tunguska  synclines  are 
studied.  Heat  flow  increases  here  to  40-50  mH/m2 .  High  q  ( 40-70 
mH/m2)  is  also  typical  for  southern  part  of  Siberian  Platforn, 
occupied  the  Irkutsk  Anphitheater  and  the  Aldan  Shield.  This  q- 
increase  in  linits  of  analyzed  parts  of  Siberian  Platforn  should 
evidently  be  connected  with  its  latest  Meso-Cenozoic  tectonic 
activity.  The  greatest  q-  and  T-variations  are  found  in  the 
western  (with  Hest-Siber ian  Plate)  and  in  the  eastern  (with 
Uerkhoyano-Kolynsk  Area)  boundaries  of  the  Siberian  Platforn. 
Crossing  their  we  observe  the  increase  of  the  heat  flow  by  nore 
than  twice. 

Thus,  within  the  linits  of  the  Siberian  Platforn,  two  heat 
flow  levels  are  established.  In  the  northern  (except  Enisey- 
Khatanga  and  Tunguska  depressions)  and  central  areas  the  q-level 
is  about  20,  and  in  the  south  and  in  the  depressions  it  is  about 
40-50  mH/ra2. 

The  temperature  distribution  in  Siberian  Platforn  interior 
is  studied  in  boreholes  up  to  the  depths  of  2-3  kn.  At  the  nore 
depths  the  prognostic  T-values  are  mainly  used.  Hithin  the  linits 
of  the  lithosphere  the  tenperature  field  nay  be  described  by 
stationary  heat  conduction  equation  at  the  first  approxination. 
The  regional  estinations  of  T  nay  be  carried  out  by  the  solution 
of  one-dimensional  stationary  heat  conduction  equation  with  real 
initial  and  boundary  conditions  (Duchkov  and  Sokolova, 1994).  Many 
investigators  set  lithosphere  linits  at  the  depth  at  which  the 
nelting  of  mantle  substance  begins.  This  definition  allows  us  to 
use  the  geothernal  data  to  estimate  the  thickness  of  the  lithosp¬ 
here:  the  intersection  of  calculated  isotherms  with  the  solidus 
curve  marks  the  bottom  of  the  lithosphere. 

The  tenperature  field  of  Siberian  Platform  lithosphere  is 
characterized  by  the  T-distributions  at  the  depths  of  0.5,  1,  2, 
3  m  5  km,  by  schematic  maps  of  tne  Moho  boundary  temperature  (Tm) 
and  of  the  lithosphere  thickness  (Hl)  (see  Table). 

The  analysis  of  these  distributions  shows  that  in  the  north 
part  of  Siberian  Platform  the  temperature  is  negative  everywhere 
The  cooling  influence  of  pernafrost  is  the  cause  of  such  deep 
freezing.  At  the  depth  of  1  km  the  rock  tenperature  is  generally 
everywhere  positive  and  only  on  north-east  the  zones  with 
negative  temperature  are  observed.  At  the  depth  of  2  km  the  mean 
temperature  of  rocks  (T* )  reaches  30°C,  however  in  Hestern 
Yakutiya  the  lower  T2-values  are  observed.  At  the  depth  of  2  km 
the  permafrost  influence  is  considerably  weakened  and  the  T^field 
begins  to  correspond  with  heat  flow.  At  the  depths  of  3  and  5  kn 
the  rock  temperature  is  determined  by  the  heat  flow  on  the  whole 
(Temperature. . . ,1994). 

iM-estimat ions  show  that  the  Moho  boundary  is  not  isothermal 
and  its  tenperature  can  be  significantly  changed  (see  Table).  For 
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the  ancient  Siberian  Platform  the  low  TM-values  '250-350  C)  are 
typical.  This  is  the  coldest  region  in  Northern  Asia.  All  other 
regions  surrounding  the  Platform  have  higher  crustal  temperature. 

A  large  zone  of  thick  lithosphere  (over  200  km)  comprising 
the  Siberian  Platform  is  identified  in  the  central  part  of 
Siberia.  In  many  regions  of  Platform  the  base  of  the  lithosphere 
can't  be  detected  by  means  of  the  geothermal  data  as  the  heat 
flow  is  too  low  for  the  solidus  curve  to  intersect  the  suitable 
geot.herras.  Thickening  of  the  lithosphere  occurs  to  the  Tunguska 
and  Uilyuy  synclines,  Irkutsk  Amphitheater  and  Aldan  Shield.  The 
maximum  FlL-values  are  typical  for  Western  Yakutiya  and  Enisey 
Shield.  So,  the  large  lithosphere  block  (practically  all  the 
Siberian  Platform)  are  in  fact  interlocked  with  the  underlying 
layer  of  the  upper  mantle,  i.e.  serving  as  "anchors"  braking  the 
movement  of  the  Asian  lithospheric  plate  during  in  Meso-Cenozoic 
time. 

Geothermal  data  show  that  central  part  of  Siberian  Platform 
(Western  Yakut iya ), where  the  Yakut  Kimberlit  Province  is  located, 
is  marked  out  by  anomaly  features  of  the  thermal  field  of 
lithosphere.  So.  the  anomalous  low  heat  flows  and  temperatures 
of  the  upper  layer  of  Earth's  crust  and  the  most  thickness  of 
permafrost  are  typical  for  this  area.  The  temperature  of  Moho 
boundary  is  lower  than  300-350  °C  and  the  lithosphere  thickness  is 
significantly  enlarged  (more  than  200-250  km)  here.  Such  thermal 
parameters  are  also  typical  '  for  the  other  Kimberlite  Province. 
Revealed. anomalies  of  thermal  field  are  the  regional  geothermal 
indications  of  Kimberlite  Uolcanism  areas. 

The  researches  was  supported  by  Russian  Fund  of  Fundamental 
Investigations  (grant  No. 94-05-16543  ). 
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ORIGIN  OF  ECLOGITE  NODULES  FROM  THE  MBUJI  MAYI  KIMBERLITES 
(KASAI,  ZAIRE) :  SUBDUCTED  ANCIENT  OCEANIC  CRUST  ? 

S.  Elfadili(l),  D.  Demaiffe(l)  and  L.  Andr6(2) 

(1)  Univ.  Libre  de  Bruxelles,  P6trologie  (CP  160/02)  50,  Av.  Roosevelt  1050  Bruxelles 
(Belgium),  (2)  Mus6e  Royal  de  l'Afrique  Centrale,  3080  Tervuren  (Belgium). 


Kimberlites  often  contain  both  mantle-  and  crustal-derived  xenoliths.  Although 
ultramafic  xenoliths  (mainly  Iherzolites)  are  common,  eclogite  nodules  (group  A  eclogites 
of  Coleman  et  al.,1965)  are  only  found  in  some  kimberlites  (i.e.  Roberts  Victor, 
Bellsbank,  Zagadochnaya,  Udachnaya). 

The  origin  of  these  eclogite  nodules  is  still  largely  debated  :  two  contrasting  petrogenetic 
models  have  been  proposed  : 

1)  high  pressure  igneous  cumulates  formed  fron^L  basaltic  magmas  in  the  upper 
mantle  (O'Hara  and  Yoder,  1970;  Hatton,  1978;  Smyth  and  Caporuscio,  1984). 

2)  metam  orphic  re  crystallization  of  subducted  oceanic  crust  (Helmstaed  and  Doig, 
1975;  Jagoutz,  1984;  Shervais  et  al. ,  1988) 

This  study  is  focused  on  the  eclogite  nodules  carried  by  the  Mbuji  Mayi  kimberlites 
(Kasai,  Zaire)  which  intrude  the  Arch-ean  Congo-Kasai  Craton  71  Ma  ago  (U-Pb  zircon 
and  baddeleyite  lower  intercept  ages;  Scharer  and  Demaiffe,  1991).  Besides  the  eclogite 
nodules  (~90  %  of  the  xenolith  population),  the  kimberlites  also  contain  the  typical 
megacryst  suite  (Cr-rich  and  Cr-poor  diopside,  garnet,  Mg-ilmenite,  rutile  and  cm-sized 
zircon  and  baddeleyite),  chlorite  nodules  (2  to  10  cm)  and  crustal  nodules. 

More  than  150  eclogite  nodules  (C.  Fieremans  collection)  have  been  studied.  The  nodules 
have  rounded  to  ellipsoidal  shapes  and  typically  range  in  size  from  3  to  5  cm,  except  two 
large  nodules  up  to  10  cm. 

The  Mbuji  Mayi  eclogites  have  been  subdivided  petrographically  into  two  main  groups  : 

1  -  the  typical  bimineralic  eclogites  which  consist  mainly  of  garnet  and  omphacitic 
clinopyroxene;  they  sometimes  contain  minor  accessory  phases  (rutile,  phlogopite,  quartz, 
amphibole,  zoisite,  apatite). 

2  -  kyanite-b earing  eclogites  (30  samples)  which  contain  kyanite  (1  to  25  modal  %) 
either  as  laths  locally  included  in  garnet,  as  intergrowths  with  clinopyroxene  or  as  large 
(3  mm)  poikiloblastic  crystals  including  other  minerals. 

Most  eclogites  display  granoblastic  textures,  with  well- developed  triple  junctions  (120°) 
between  grains.  Tightly  interlocking  and  banded  textures  have  been  observed  in  some 
nodules. 

In  the  bimineralic  eclogites,  garnet  occurs  as  equant  grains  or  as  exsolution  lamellae  in  the 
clinopyroxenes.  Locally,  garnet  blebs  form  a  rim  (necklace  structure)  around  the 
pyroxene,  which  could  result  from  the  migration  and  recrystallization  of  the  lamellae. 
Some  clinopyroxenes  exhibit  a  "spongy  texture",  which  consists  of  symplectitic 
intergrowths  of  diopside  +  plagioclase  (Anl5)  and  could  result  from  the  breakdown  of 
omphacite  during  decompression  Patches  of  pale-brown,  largely  devitrified,  glass  are 
locally  associated  with  those  symplectites. 

Rutile  appears  as  small  grains  in  many  eclogites  or  as  acicular  inclusions  (exsolutions  ?)  in 
garnet  and  omphacite.  146 


Quartz  inclusions  in  omphacite  and  garnet  are  often  surrounded  by  radial  cracks 
suggesting  the  existence  of  former  coesite. 

Phlogopite  is  common  in  bimineralic  eclogites  but  is  rare  in  kyanite-b earing  ones. 
"Primary"  phlogopite  occurs  as  euhedral  flakes  between  other  phases  or  as  inclusions  in 
clinopyroxene.  In  several  samples,  secondary  phlogopite  occurs  along  fractures  and 
locally  at  the  margins  of  garnet  grains. 

Amphibole  (pargasite)  occurs  either  as  poikiloblasts  replacing  omphacite  (preserved  as 
relic  inclusions)  or  as  fibrous  laths  in  kelyphitic  rims  around  garnet  and  along  garnet- 
garnet  and  garnet-pyroxene  boundaries. 

Few  eclogites  contain  large  poikiloblastic  zoisite  with  pyroxene  and  kyanite  inclusions.  In 
one  sample,  zoisite  occurs  as  euhedral  (primary  ?)  laths;  this  sample  also  contains  apatite 
Some  nodules  show  evidence  of  partial  melting.  The  partially  devitrified  melt  (which  can 
represent  more  than  30  vol.  %  of  the  nodule)  occurs  as  patches  (more  rarely  as  veins)  :  it 
contains  relics  corroded  grains  of  garnet,  omphacite  and  phlogopite.  Plagioclase  (An90) 
microlites  and  small  anhedral  zoisite  crystals  are  often  present  in  the  glass. 

Garnets  and  clinopyroxenes  are  compositionally  homogeneous,  no  appreciable  zoning  was 
detected.  Clinopyroxenes  from  bimineralic  eclogites  have  uniform  Mg  number  i(89-91) 
with  variable  jadeite  contents  (19  to  40  mole  %).  Clinopyroxenes  from  kyanite -bearing 
eclogites  have  significantly  higher  jadeite  contents  (37  to  48  mole  %).  Garnet 
compositions  range  from  Py47  Al41.Grol2  to  Py57  A124  Grol9.  Garnet  from  kyanite- 
bearing  samples  is  slightly  more  grossular-rich  (20-29  mole  %),  than  those  of  bimineralic 
eclogites  (9-24  mole  %). 

The  temperatures  of  equilibration  of  the  eclogites  can  be  estimated  from  the  Fe-Mg 
partitioning  between  the  garnet  and  clinopyroxene.  The  calibration  of  Ellis  and  Green 
(1979)  gives,  at  an  assumed  pressure  of  30  Kb,  temperatures  between  820  and  1100°  C 
(Fe2+  content  has  been  estimated  following  Clarke  andPapike,  1968).  Minimum  pressure 
for  quartz-bearing  eclogites  (Holland,  1980)  ranges  from  17  to  20  Kb.  P  estimates  for 
kyanite -bearing  eclogites  can  be  obtained  from  the  Ca- A1  partition  between  garnet  and 
clinopyroxene  (Banno,1974;  Lappin,1978)  :  from  22  to  29  Kb.  Direct  P  estimates  for 
most  eclogites  are  not  possible;  moreover,,  they  do  not  contain  diamond.  When  plotted 
along  the  Precambrian  shield  geotherm  of  Pollack  and  Chapman,  the  calculated  T°  yield  P 
estimates  of  32  to  51  kb. 

Whole  rock  chemical  compositions  of  bimineralic  eclogites  are  broadly  basaltic  (43-53  % 
Si 02;  8-17  %  A1203;  10-12  %  CaO;  Mg  number  =  46-73)  with  low  K20  (avg.  0.2  wt  %) 
and  Ti02  (avg.  0.15  wt  %)  contents,  suggesting  sub  alkaline  affinity.  Kyanite -bearing 
eclogites  are  peraluminous  (17-28  %  A1203  )  with  high  CaO  content  (up  to  15  %). 

The  trace  elements  contents  of  the  eclogites  do  not  appear  to  have  been  contaminated  by 
kimberlitic  magma.  Whole  rock  REE  concentrations  of  both  eclogite  groups  are  low 
(ZREE  =  11-47  ppm)  and  there  is  no  significant  relationships  between  Mg  number  and 
2REE.  The  REE  patterns  of  the  Mbuji  Mayi  eclogites  are  all  grossly  similar  to  those  of 
E-type  MORB.  Bimineralic  eclogites  are  however  more  fractionated  ((La)N  =  2-60  and 
(La/Yb)N  =  2-30),  than  kyanite-b  earing  samples  ((La)N  =  5-20,  (La/Yb)N  =  2.1-8). 
Kyanite  eclogites  display  larger  positive  Eu  anomalies  (Eu/Eu*  =  1.66-1.88),  than 
bimineralic  ones  (Eu/Eu*  =  1.06-1.25). 

Spidergrams  (fig)  show  enrichment  factors  for  incompatible  LILE  comparable  to  E-type 
MORB.  Positive  Ba,  Sr,  Eu  and  Pb  anomalies  are  conspicuous;  they  are  higher  for 
kyanite-b  earing  samples  (average.  Ba/Ba*  =  21,  Sr/Sr*  =  6.5,  Eu/Eu*  =  5.8  and  Pb/Pb*  = 
6.3),  than  for  bimineralic  eclogites  (average.  Ba/Ba*  =  8.6,  Sr/Sr*  =  4.9,  Eu/Eu*  =3.5 
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and  Pb/Pb*  =  2.8).  The  high  Ba  content  is  not  related  to  the  modal  proportions  of 
phiogopite.  A  Nb  enrichment  is  observed  for  all  rutile-bearing  eclogites.  Zr,  Hf  and  Ti 
depletions  (average.  Zr/Zr*  =  0.42,  Hf/Hf*  =  0.47  aiid  Ti/Ti*  =  0.19)  occur  for  most 
samples  and  could  result  from  the  destabilisation  of  some  Ti-bearing  minerals  during 
eclogite  formation  or  from  HFSE  mobility  in  subduction  zones. 

Zoisite  and  apatite -bearing  eclogite  (16.5  %  A1203,  12.3  %  CaO,  Mg  number  =  64)  is 
globally  enriched  in  most  LIL  elements,  including  the  REE  (XREE  =  548  ppm)  with 
(La)N  =  370  and  (La/Yb)N  =  66,  but  no  positive  Eu  anomaly. 

The  high  A1203  and  CaO  content  of  kyanite-b earing  eclogites  correlates  with  the  positive 
Ba,  Sr,  Eu  and  Pb  anomalies,  which  suggests  that  the  protolith  was  a  feldspar-rich  rock 
(anorthositic  gabbros  ?).  In  contrast,  the  geochemical  characteristics  of  bimineralic 
eclogites  are  consistent  with  a  basaltic  origin. 

The  Mbuji  Mayi  bimineralic  and  kyanite-b  earing  eclogites  are  tentatively  interpreted  as 
the  metamorphosed  equivalent  of  basaltic  lavas  and  gabbroic  anorthosite  cumulates,  both 
resulting  from  the  recrystallization  of  subducted  ancient  oceanic  crust  beneath  the 
Archean  Congo  Craton. 


PRIMITIVE  MANTLE  NORMALIZED  PATTERNS  FOR  SOME  REPRESENTATIVE  SAMPLES  OF  THE 
DIFFERENT  POPULATION  OF  ECLOGITES. 
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CONCEPTUAL  APPROACH  TO  THE  PROBLEM  OF  SPATIAL  DISTRIBUTION  OF 
DIFFERENT-RANK  KIMBERLITE  SHOWS  AT  ANCIENT  PLATFORMS 

Erinchek  Yu.M. ,  Mikhailov  M.V.,  Milshtein  E.D. 

Geological  Research  Institute  (VSEGEI),  Sredny  pr.,74,  St- 
Petersburg,  199026,  Russia 

Prediction  of  primary  diamond  deposits  can  be  successful 
only  provided  that  geological-genetic  principles  are 
considered  in  the  approach  to  this  problem.  The  concept 
proposed  is  based  upon  the  hypothesis  that  diamond-bearing 
kimberlites  (lamproites)  being  the  deepest  magmatic 
formations  of  ancient  platforms,  can  be  produced  only  by 
powerfull  geodynamic  processes  generated  at  great  depths  (in 
the  upper  mantle) .  Rifting  is  such  a  deep  process  responsible 
for  the  formation  of  intracontinental  rift  systems  at  the 
platforms  accompanied  by  intense  magmatism. 

The  concept  of  the  rift  system  implies  a  combination  of 
heterogeneous  structures  though  lying  within  a  single  area  of 
increased  flow  and  ascent  of  mantle  material.  The  elongated 
arched  high  (I-order  structure),  is  dissected  by  grabens  in 
the  central  part  and  complicated  by  a  number  of  positive 
structures  (II-order  structures)  on  the  periphery.  The  rift 
system  has  been  formed  in  the  mantle  with  subsequent 
development  of  the  process  in  the  astenosphere  and 
lithosphere.  The  structures  of  the  rift  system  formed  are  the 
result  of  earth's  crust  and  upper  mantle  response  to  this 
effect . 

The  rift  system  is  distinctly  reflected  in  parameters  of 
the  deep  structure  and  geophysical  fields.  The  central 
(trough)  part  is  characterized  by  reduced  thickness  of  the 
consolidated  crust  in  combination  with  the  very  deep 
position  of  the  crystalline  basement,  by  the  increased  heat 
flow,  highly  dissected  Moho,  anomalous  seismic 
characteristics  of  the  upper  mantle,  intense  linear  regional 
gravity  and  magnetic  anomalies.,  The  elevated  parts  adjacent 
to  the  trough  (peripheral  highs)  show  the  increased  thickness 
of  the  consolidated  crust  in  combination  with  the  elevated 
crystalline  basement  surface,  decreased  heat  flow,  low 
dissection  of  the  Moho, 

differentiated  gravity  and  magnetic  fields  caused  mainly  by 
the  structural-substantial  composition  of  the  basement. 

The  magmatism  produced  by  rifting  shows  distinct 
lateral  formational  zoning.  It  is  represented  by  trachybasalt, 
trachybasalt-trachyandesite  and  basalt-dolerite  formations  in 
axial  trough  zones  of  rift  systems.  Alkali-ultramaf ic 
complexes  containing  kimberlites  and  carbonatites  are  the 
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lateral  members  of  the  formations'  paragenesis  in  the  elevated 
parts  of  systems  adjacent  to  troughs.  The  area  of  deep 
magmatism  manifestation  is  considered  as  a  kimberlite 
subprovince . 

The  elevated  parts  of  the  rift  system  disposed  bilaterally 
along  and  elongated  subparallel  to  the  axial  trough  represent 
kimberlite  areas  of  the  subprovince.  The  elevated  parts  of 
rift  systems  facing  the  platform  center  are  generally 
monolythic  and  not  affected  by  prominent  processes  exept 
rifting.  So,  the  deepest  kimberlite  varieties  -  the  diamond¬ 
bearing  ones  are 

intruded  here.  The  elevated  parts  facing  the  platform 
periphery  probably  experienced  the  intense  influence  of 
intraplate  processes,  apart  from  the  influence  of  rifting. 
Hence,  these  parts  are  more  fractioned.  This  leads  to  the 
formation  of  more  shallow  kimberlites  -  poorly  diamond-bearing 
ones . 

The  main  geodynamic  stresses  are  subparallel  to  the  axial 
zone  of  the  rift  in  the  outer  elevated  parts  of  the  rift 
system,  that  is  within  kimberlite  areas.  They  form  zones 
alternation  of  maximum  and  minimum  compression  on  lateral. 
Kimberlitecontrolling  zones  appear  at  sites  where  these 
regimes  are  optimum  for  manifestation  of  kimberlite  magmatism. 
Such  zones  are  to  be  marked  in  geophysical  fields  by  linear 
zones  of  "lost"  correlation  of  potential  fields'  anomalies. 

Kimberlite  areas  show  heterogeneous  structure.  It  is 
relevant  to  the  fact  that  rifting  as  a  superimposed  process 
had  influenced  a  region  with  heterogeneous  geological 
structure.  Consequently,  blocks  of  different-age  cratonization 
of  the  crystalline  basement,  which  show  differentiated 
geologicgeophysical  parameters  (crustal  thickness,  and  density, 
basement  composition  etc.)  had  differently  responsed  to 
geodynamic  conditions  arising.  Only  a  few  of  them  are 
favourable  for  intrusion  of  kimberlite  magmatism. 

Such  blocks  assigned  to  the  rank  of  a  kimberlite  area,  have 
not  experienced  intense  granitization  or  basification  or  any 
other  intense  tectonic-thermal  effect  in  epochs  previous  to 
rifting.  Due  to  this  fact  they  are  to  have  slightly  increased 
or  moderate  density  and  increased  or  moderate  thickness  of  the 
earth's  crust.'  The  cratonization  of  the  crystalline  basement 
had  to  be  completed  earlier  than  2.6  bln.  years  ago.  These 
blocks  have  low  heat  flow.  They  have  experienced  long-time 
stable  elevation  during  the  platform  stage  of  their 
development  or  delay  in  subsidence  in  relation  to  the  whole 
totally  submerging  territory.  That  is  they  were  rather  stable. 
Sites  where  such  blocks  are  crossed  by  kimberlite-controlling 
zones  are  most  favourable  for  intrusions  of  kimberlite  magma. 
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The  realization  of  magmatism,  as  a  grouped  combination  of 
kimberlite  bodies  (kimberlite  field)  occurs  at  sites  where 
additional  stresses,  semi-orthogonal  to  the  axis  of  the  rift 
system  are  available  apart  from  the  factors  mentioned  above. 

The  concept  proposed  has  been  realized  as  a  combined  deep 
geologic-geophysical  criterium  used  in  predicting  at  different 
stages  of  investigation.  The  all-embracing  analysis  of  the 
deep  geologic-geophysical  structure  of  a  platform  and  the 
history  of  the  geological  development  of  the  territory  ,  the 
study  of  structure  and  substantial  composition  of  the 
crystalline  basement,  investigation  of  the  spatial-temporal 
distribution  of 

magmatic  formations  of  the  platform  stage  of  the  territory 
development,  reconstruction  of  paleodynamic  conditions  is  a 
tool  for  practical  realization  of  this  approach  to  prediction. 

The  concept  described  has  been  realized  in  predicting 
different-rank  kimberlite  shows  at  the  Siberian  and  East- 
European  platforms. 
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KIMBERLITE  AND  LAMPROITE  COMPARATIVE  PETROGEOCHEMISTRY 

Feoktistov,  G.  D.  ,  Vladimirov,  B.  M.  ,  Egorov,  KJ,  Konev,  A.  A. 

Russian  Academy  of  Sciences,  Siberian  Branch,  Institute  of 
the  Earth  Crust,  Irkutsk,  Russia 

The  discovery  of  very  high-grade  diamond- bearing  lampro- 
ites  in  1979  in  Australia  [1]  has  stimulated  the  study  on 
correlation  between  kimberlite  and  lamproite  chemical  compo¬ 
sition.  For  purpose  of  petrogeochemical  comparison  of  lampr el¬ 
ites  and  kimberlites  from  the  Siberian  platform  with  lampro- 
ites  of  Western  Australia  25  rock  speciments  (15  of  lamproi- 
tic  series  and  10  of  kimberlitic  one)  have  been  analysed  in 
the  Earth  Crust  Institute  for  content  determination  of  11 
oxides  (SiOg,  TiOg,  AlgOg,  FegOg,  FeO,  MgO,  CaO,  NagQ,  KgO, 

COg,  HgO)  and  of  19  microelements  (Ba,  Li,  Rb,  Sr,  Pb,  Th, 

U,  Zr,  Nb,  Y,  La,  Ce,  Sc,  V,  Cr,  Co,  Ni,  Zn,  Sn).  Rock  samples 
of  lamproitic  series  are  represented  by  leucitites,  leucitic 
lamproites  and  potassic  minettes;  kimberlite  samples  include 
basal lo id  and  micaceous  varieties. 

Has  been  made  for  the  total  sampling  from  42  objects  with 
30  components  in  very  of  them  (25  analyses  on  our  data  and  17 
analyses  of  lamproites  from  Western  Australia  [1,  table  31-343 ) 
Computer-aided  factor  analysis. 

The  factor  diagram  for  rockforming  oxide  and  microelement 
contents  (Fig.  1)  well  illustrates,  on  the  one  hand,  the  diffe¬ 
rence  between  kimberlites  and  lamproites  and,  on  the  other, 
between  lamproites  of  the  Siberian  platform  and  lamproites  of 
Western  Australia:  kimberlites  contain  more  of  MgO,  COg  and 
compatible  elements  (Cr,  Ni,  Co);  lamproites  of  Western  Austra¬ 
lia  are  enriched  in  TiOg  and  in  a  quite  a  number  of  incompatible 
elements  (Sn,  Pb,  Rb,  Zn,  Th,  Ce,  La);  lamproites  from  the  Sibe¬ 
rian  platform  are  characterized  by  higher  AlgQg,  NagO,  U,  V 
contents.  In  addition,  the  rocks  of  lamproitic  series  possess 
higher  SiOg,  KgO,  Sr,  Zn,  Y,  Ba  contents  compared  to  kimberli¬ 
tes,  but  lamproites  and  kimberlites  of  the  Siberian  platform 
are  richer  in  FeO  and  CaO  compared  to  lamproites  of  Western 
Australia  FegOg,  Li  and  Sc  contents  do  not  show  distinct  regu¬ 
larities  in  distribution  between  three  rock  groups. 

As  diagram  shows  kimberlites  of  the  Siberian  platform  and 
West  Australian  lamproites  are  located  in  the  right  half  of  the 
diagram  (positive  direction  of  the  second  factor)  and  lamproitic 
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Fig.  1.  Factor  diagram  for  oxide  and  microelement  contents 
in  lamproites  and  kimberlites  of  Siberia  and  in 
lamproites  of  Western  Australia  (n  =  42). 

1-5  -  Siberia;  1  -  leucitites,  2  -  leucitic  lam¬ 
proites,  3  -  potassic  minettes,  4  -  micaceous 
kimberlites,  5  -  basaltoid  kimberlites;  6,7- 
West  Australia:  6  -  leucitic  lamproites,.  7  - 
olivine  lamproites. 

series  of  the  Siberian  platform  is  placed  in  the  left  one  (nega¬ 
tive  direction  of  the  second  factor).  Taking  into  account  the 
fact,  that  the  former  is  diamond- bearing  rocks  and  the  later  is 
barren  of  diamonds,  one  may  suggest  that  kimberlites  of  the 
Siberian  platform  and  lamproites  of  Western  Australia  have  been 
generated  from  magmatic  melts  initiated  within  diamond-pyrope 
depth  facies,  and  lamproites  of  the  Siberian  platform  -  were 
generated  from  magmatic  melts  originated  at  shallower  depth 
above  the  diamond  stability  level. 

Lamproites  of  Western  Australia  and  kimberlites  of  the  Sibe¬ 
rian  platform  are  enriched  in  incompatible  elements  (Fig.  2),  but 
lamproites  are  more  largely,  except  for  Nb  and  U.  Incompatible 
element  distribution  pattern  for  kimberlites  of  the  Siberian 
platform  compared  to  their  distribution  curve  for  West  Austra- 
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Fig.  2.  Incompatible  element  distribution  pattern 

for  kimberlites  (1)  and  lamproites  (2)  of  Siberia 
and  for  lamproites  (3)  of  West  Australia  relative 
to  a  primitive  mantle  [21. 

lian  lamproites  with  their  total  averall  low  content  demonstrate 
a  maximum  for  Nb,  U,  Sr,  Ti  and  a  minimum  for  Rb,  K.  Lamproitic 
series  of  the  Siberian  platform  exibits  even  greater  differenti¬ 
ation  in  incompatible  element  contents:  a  maximum  for  If  Rb,  Sr 
and  a  deeper  minimum  for  Nb,  La,  Ce,  Zr  and  Ti. 

Variations  in  petrogenetic  and  minor  element  contents  of 
initial  melts  for  three  rock  groups  (kimberlites  and  lamproites 
of  the  Siberian  platform  and  lamproites  of  Western  Australia) 
are  probably  related  to  differencies  in  mantle  substratum  com¬ 
position  (different  ration  of  ultrabasic  rocks  and  eclogites) 
and  to  particularities  of  mantle  metasomatism  manifestation. 
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THE  GEOLOGY  OF  THE  ORAPA  A/Kl  KIMBERLITE,  BOTSWANA:  FURTHER  INSIGHT 
INTO  THE  EMPLACEMENT  OF  KIMBERLITE  PIPES. 


Field,  M.1,  Gibson,  J.G.1,  Wilkes,  T.A.^Gababotse,  J.1,  Khujwe,  P.1 

1.  Geology  Department,  Debswana  Orapa  Mine,  Private  Bag  02,  Orapa,  Botswana. 

The  A/Kl  kimberlite  pipe  is  the  largest  of  a  cluster  of  more  than  fifty  kimberlite  intrusions  which 
have  been  located  in  the  western  part  of  Central  District,  Botswana.  The  kimberlite  was 
discovered  in  1967,  and  has  been  mined  for  diamonds  since  1971. 

Limited  erosion  since  the  pipes  emplacement  in  the  Cretaceous  (Davis,  1977)  has  preserved  much 
of  the  crater  zone  of  the  kimberlite.  Mining  and  deep  drilling  have  subsequently  exposed  much 
of  the  crater  zone,  thus  affording  the  authors  the  unique  opportunity  to  study  this  zone  in  detail. 

At  surface  the  pipe  has  an  oval,  bi-lobate  shape  and  an  area  of  118.4  hectares.  At  depth 
(approximately  220  metres  below  surface)  the  kimberlite  body  separates  into  two  independent 
diatremes  (referred  to  as  the  southern  and  northern  lobes  respectively).  Crater,  diatreme  and 
hypabyssal  facies  have  been  identified  within  the  body.  The  kimberlite  intruded  through 
Archaean  granitic  basement,  sedimentary  rocks  of  the  Palaeozoic  Karoo  sequence  and  the  Jurassic 
Stormberg  basalt  lavas. 

Detailed  field  mapping  and  petrographic  examination  suggest  that  the  northern  lobe  was  emplaced 
first,  and  that  its  deposits  were  disrupted  and  truncated  by  the  formation  of  the  southern  crater. 
The  preserved  deposits  of  the  northern  lobe  appear  to  be  far  less  complicated  than  those  of  the 
southern  lobe.  These  comprise  competent,  grossly  layered  pyroclastic  kimberlite  which  grades 
downwards  into  monotonous  diatreme  facies  tuffisitic  kimberlite  breccia.  Deep  drilling  has 
revealed  that  the  northern  diatreme  is  a  steep-sided  body  with  a  regular  outline 

In  the  southern  lobe,  diatreme  facies  tuffistic  kimberlite  breccia  is  sharply  overlain  by  a 
heterolithic  breccia  at  about  450  metres  below  surface.  The  latter  contains  little  or  no  kimberlite- 
derived  constituents,  and  is  interpreted  to  represent  an  early  talus  deposit  which  resulted  from 
spalling  of  exposed  wall  rock  into  a  newly  exposed  crater.  It  thus  marks  an  abrupt  change  from 
the  diatreme  to  crater  zones.  This  breccia  was  deposited  on  an  irregular  base  which  corresponds 
with  a  marked  flaring  of  the  kimberlite. 

The  crater  facies  deposits  of  the  southern  lobe  have  been  divided  into  volcaniclastic  and  epiclastic 
subtypes.  The  volcaniclastic  deposits  overlie  the  basal  heterolithic  breccia,  and  are  interleaved 
between  later  talus  slope  deposits.  These  volcaniclastic  deposits  are  mostly  green  coloured, 
massive,  poorly  sorted,  matrix-supported  breccias,  which  are  occasionally  interspersed  with  well 
sorted,  bedded  and  graded  horizons.  Petrographic  examination  indicates  that  they  have  suffered  a 
considerable  amount  of  clay  alteration,  but  that  they  have  not  been  oxidised  to  the  same  extent  as 
the  epiclastic  deposits.  In  some  layers  delicate  primary  (magmatic)  features  are  preserved, 
thereby  indicating  that  the  deposits  could  not  have  undergone  vigourous  re-sedimentation.  The 
lithic  clasts  in  these  deposits  are  totally  dominated  by  basalt,  with  only  minor  quantities  of  Karoo 
sedimentary  and  Archaean  basement  clasts  being  represented. 

The  epiclastic  deposits  can  be  separated  into  western  talus  deposits,  eastern  debris-flow  deposits 
and  central  lacustrine  deposits.  The  contrasting  nature  of  the  epiclastic  deposits  from  the 
western  and  eastern  areas  of  the  crater  impart  a  distinct  asymmetry  to  it. 
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The  western  talus  deposits  comprise  at  least  four  distinct  cones.  The  cores  of  these  cones  consist 
of  very  coarse  breccias  which  are  made  up  of  angular  blocks  of  basalt.  The  interstices  between 
the  basalt  blocks  contains  minor  kimberlite-derived  minerals,  and  are  largely  cemented  by 
carbonate.  These  breccias  have  steeply  dipping  (20  to  30  degrees)  bounding  surfaces  near  the 
crater  margin,  but  the  dips  decrease  as  the  fans  flatten  out  towards  the  crater  centre.  One  fan 
covers  most  of  the  southern  crater  floor  200  metres  below  surface.  Closely  associated  with  these 
breccias  are  steeply  dipping  (up  to  30  degrees),  well  sorted,  clast  supported,  bedded  deposits 
composed  mostly  of  kimberlite-derived  materials.  Palaeo-flow  directions  indicate  that  deposition 
took  place  inwards  towards  the  crater  centre.  These  deposits  are  interpreted  to  represent  modified 
grain  flows  which  resulted  from  the  downward  cascading  of  kimberlite  debris,  which  probably 
originated  from  the  tuff  cone  surrounding  the  crater  rim. 

The  eastern  epiclastic  deposits  unconformably  overlie  the  volcaniclastic  deposits.  Near  the  margin 
they  consist  of  channelised  basalt-rich  debris  flow  breccias,  which  grade  laterally  into  finer 
grained  mudflows.  The  bounding  surfaces  of  the  flows  have  much  lower  dip  angles  (10  to  20 
degrees).  Towards  the  centre  of  the  crater  the  debris  and  mud  flows  are  interdigitated  with  the 
lacustrine  sediments. 

The  lacustrine  sediments  consist  of  kimberlitic  shales  and  grits.  They  exhibit  many  soft-sediment 
deformation  structures,  whilst  the  presence  of  ripple  marks,  rain  pit  indentations  and  thin 
evaporitic  layers  reveal  the  ephemeral  nature  of  the  crater  lake.  These  sediments  also  host  a 
variety  of  plant  and  insect  fossils  (Rayner  and  McKay,  1986). 

Deep  drilling  has  revealed  the  presence  of  hypabyssal  facies  kimberlite  at  depth.  This  kimberlite 
is  typical  macrocrystic,  spinel-  and  perovskite-  bearing,  monticellite  kimberlite  of  the  group- 1 
type.  Very  little  coherent,  magmatic  kimberlite  was  intruded  into  the  crater  or  diatreme  zones  of 
either  lobe.  A  small  dipping  sill  (about  1.5  metres  thick)  was  located  in  the  southwest  of  the 
southern  lobe.  Its  volume  is  highly  insignificant  relative  to  the  other  crater  deposits. 


A  synthesis  of  the  geology  of  the  A/Kl  kimberlite  indicates  that  there  is  a  marked  contrast 
between  the  northern  and  southern  lobes.  The  northern  lobe  is  a  steep-sided  diatreme  which 
contains  only  primary  pyroclastic  kimberlite.  The  upper  layered  parts  have  all  the  attributes  of 
hot  pyroclastic  flows.  These  flows  grade  downwards  into  diatreme  facies,  tuffisitic  kimberlite 
breccia.  The  steep-sided,  regular  nature  of  the  diatreme,  as  well  as  the  abundance  and  large  size 
(up  to  9.6  metres  diameter)  of  basement  xenoliths  in  this  kimberlite  indicate  deep-seated 
catastrophic  eruption.  The  pyroclastic  flows  are  envisaged  to  have  formed  in  response  to  eruption 
column  collapse. 

The  southern  crater  zone  has  a  more  flared  appearance  and  is  filled  largely  with  re-sedimented 
kimberlite  debris  and  wall  rock  fragments.  Evidence  suggests  that  the  crater  was  formed  by  one 
or  more  catastrophic  eruptions,  which  cleared  a  deep  crater,  exposed  cliffs  of  wall  rock  and 
deposited  a  large  amount  of  wall  rock  and  kimberlitic  debris  on  a  tuff  cone  surrounding  the 
crater.  It  is  envisaged  that  piecemeal  collapse  of  portions  of  the  wall  rock  cliffs  (probably  mostly 
from  the  eastern  side  of  the  crater)  produced  the  basal  heterolithic  breccias.  This  spalling 
induced  catastrophic  collapse  of  part  of  the  still  fresh  tuff  cone  to  produce  the  volcaniclastic 
deposits,  largely  through  mass  flow  processes.  This  series  of  events  rapidly  filled  the  basal 
portion  of  the  crater,  thus  preventing  the  further  incorporation  of  clasts  from  the  Karoo 
sedimentary  sequence.  After  this,  talus  fans  composed  largely  of  spalling  basalt  clasts  formed  on 
the  more  stable  western  margins.  Continued  spalling  would  have  undermined  the  kimberlite- 

156 


dominated  tuff  cones,  resulting  in  the  emplacement  of  the  steeply  dipping  grain  flow  deposits. 
Continued  collapse  of  the  eastern  margins  would  introduce  further  debris  flow  deposits  to  the 
eastern  and  central  portions  of  the  crater.  It  is  envisaged  that  a  crater  lake  would  have  been 
established  during  this  period  resulting  in  the  subaqueous  deposition  and  subsequent  oxidation  of 
the  epiclastic  debris  flows  and  lacustrine  sediments. 

The  poor  preservation  of  in-situ  pyroclastic  deposits  in  the  crater  inhibit  an  assessment  of 
eruption  mechanism,  however  the  sedimentary  history  of  the  crater  infilling  suggest  that  relatively 
few  eruptive  events  occurred  after  the  commencement  of  the  sedimentary  infill.  The  nature  of  the 
northern  lobe  pyroclastic  deposits  and  the  underlying  TKB  suggest  that  they  were  emplaced  by  a 
high  energy,  gas-charged  eruptive  process. 
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HISTORY  OF  THE  DISCOVERY  OF  DIAMONDIFEROUS  KIMBERLITES  IN  THE 
NORTHWEST  TERRITORIES,  CANADA 
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The  largest  staking  rush  in  Canadian  mining  history  was  initiated  by  the  discovery  of 
diamonds  in  the  Point  Lake  kimberlite  pipe  in  late  1991 .  The  discovery  was  the  result  of 
systematic  heavy  mineral  sampling  over  a  ten  year  period  and  covered  an  east-west  distance  of 
about  1200  km  across  the  Canadian  Northwest  Territories  (NWT).  This  paper  describes  the 
series  of  events  leading  up  to  the  Point  Lake  discovery  and  outlines  recent  project  developments. 

Evaluation  of  the  Mountain  diatreme  located  in  the  MacKenzie  Mountains,  western 
NWT,  was  being  conducted  in  1981  as  part  of  a  joint  venture  program  between  Superior 
Minerals,  Falconbridge  and  CF  Minerals  under  the  direction  of  Hugo  Dummett  (Superior).  The 
regional  sampling  program  was  carried  out  by  CF  Minerals.  This  early  venture  also  included 
Stewart  Blusson  who  assisted  with  sampling  between  1981  and  1983,  and  who  is  presently  a 
minority  shareholder  (10%),  as  is  Fipke,  in  the  current  BHP  (51%)/Dia  Met  (29%)  joint  venture. 
De  Beers’  subsidiary  Diapros  and  other  diamond  exploration  companies  were  active  south  of 
Norman  Wells.  As  part  of  this  evaluation,  garnets  and  chromites  were  recovered  from  a  series  of 
samples  collected  in  the  yicinity  of  Blackwater  Lake  (Fig  1).  Dummett  was  transferred  later  that 
year  when  Superior  withdrew  from  minerals  exploration  in  Canada,  but  he  provided  analytical 
and  technical  support  for  Fipke  as  the  search  continued  for  the  source  of  the  indicators. 

Fipke  and  Blusson  began  a  helicopter-supported  regional  sampling  program  which 
gradually  tracked  the  indicator  mineral  train  300  km  eastward  to  the  Lac  la  Martre  area. 
Additional  funding  for  the  search  was  obtained  in  1984  when  Fipke  listed  Dia  Met  Minerals  on 
the  Vancouver  Stock  Exchange.  Dia  Met  then  took  over  funding  of  the  exploration  program.  By 
1985,  sampling  had  been  undertaken  as  far  as  the  Aberdeen  Lake  area,  900  km  east  from  the 
western  edge  of  the  Slave  craton.  Three  highly  anomalous  heavy  mineral  samples  had  been 
identified  immediately  north  of  Lac  de  Gras,  and  of  great  significance  was  the  lack  of  anomalous 
samples  to  the  east  of  the  Lac  de  Gras  area,  which  suggested  the  source  area  had  been  located. 
Extensive  higher  density  sampling  was  undertaken  in  the  northeast  and  west  of  Lac  de  Gras, 
refining  the  extent  of  the  anamalous  glacial  sediments. 

Dia  Met  began  to  acquire  ground  in  1989  and  in  the  following  year  an  extremely 
anomalous  sample  was  taken  from  the  north  shore  of  a  circular,  crater-like  lake  named  Point 
Lake.  The  dataset  of  indicator  mineral  geochemistry  within  the  existing  claim  area  was 
evaluated  independently  by  John  Gurney  and  Rory  Moore  who  concluded  that  the  indicator 
minerals  originated  from  highly  diamondiferous  kimberlitic  sources.  Dummett,  then  BHP’s 
North  American  Exploration  Manager,  led  BHP  to  sign  the  joint  venture  agreement  with  Dia  Met 
on  September  5,  1990.  Additional  claims  were  subsequently  staked  and  the  joint  venture 
property  presently  consists  of  nearly  350,000  hectares  within  two  claim  blocks. 
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In  May  1991,  a  BHP  geophysical  crew  surveyed  a  grid  over  Point  Lake  and  results  from 
the  ground  survey  enabled  Dummett  of  BHP  to  successfully  target  the  discovery  drill  hole  in 
September  of  that  year.  The  ensuing  announcement  that  81  diamonds  (16  >0. 5mm,  65<0.5mm) 
had  been  recovered  from  59  kg  of  kimberlite  core  and  subsequent  reverse  circulation  drilling 
sparked  the  historical  staking  rush.  Approximately  20  million  hectares  of  the  Slave  craton  have 
now  been  staked  for  diamonds  and  in  addition  to  BHP  and  Dia  Met,  major  companies  including 
De  Beers,  Kennecott  and  Ashton  are  involved,  along  with  numerous  smaller  companies. 

The  Point  Lake  pipe  was  bulk  sampled  by  37  reverse  circulation  drill  holes  (15  cm 
diameter)  during  January  to  March,  1992.  The  sample  returned  a  grade  of  0.63  carats  per  dry 
metric  tonne  but  is  currently  considered  sub-economic  because  of  relatively  low  stone  quality. 

Property-wide  heavy  mineral  till  sampling  continued  through  the  summers  of  1990,  1991 
and  1992  and  nearly  6000  till  samples  were  collected.  Four  areas  where  the  geochemistry 
indicated  proximal  kimberlitic  sources  were  chosen  for  airborne  geophysical  coverage  in  the  fall 
of  1991 .  Targets  identified  from  the  airborne  survey  were  followed  up  with  ground  geophysics 
during  the  winter.  Nine  additional  kimberlites  were  drill  confirmed  in  the  summer  of  1992  and 
four  of  the  pipes  (Fox,  Leslie,  Koala  and  Grizzly)  were  bulk  sampled  by  reverse  circulation 
drilling  from  January- April,  1993  (Table  1). 

From  February  to  June  1993,  an  extensive  ground  geophysical  campaign  detailed  nearly 
two  dozen  exploration  targets  across  the  main  claim  block.  Airborne  geophysical  surveys  were 
also  completed  over  the  entire  claims  block.  Core  drilling  of  primarily  geophysical  targets 
confirmed  an  additional  16  pipes.  A  decline  designed  to  obtain  a  large  tonnage  underground 
sample  from  the  Fox  pipe  was  started  in  November  along  with  the  construction  of  a  dense  media 
separation  plant  and  an  adjacent  camp  with  110  person  capacity. 

In  1994,  the  10  tonne  per  hour  plant  was  constructed  and  commissioned.  An  airstrip 
capable  of  handling  Hercules  and  Boeing  727  and  737  aircraft  was  constructed  and  Koala  camp 
was  expanded  to  a  capacity  of  1 80  persons.  Reverse  circulation  drilling  of  the  Panda,  Misery 
and  Falcon  pipes  was  conducted  as  well  as  large  diameter  (up  to  76  cm)  reverse  circulation 
drilling  to  obtain  additional  sample  material  from  the  Koala  pipe  (Table  1).  Underground  bulk 
sampling  of  the  Fox  and  Panda  pipes  were  completed  during  1994.  Delineation  drilling 
programs  were  carried  out  on  the  Koala,  Panda,  Fox  and  Leslie  pipes.  Ground  geophysical  and 
till  sample  coverage  continued  and  summer  exploration  drilling  confirmed  13  new  pipes, 
bringing  the  total  to  39,  all  but  one  of  which  are  confirmed  to  be  diamond-bearing. 

Based  on  results  of  the  on-going  bulk  sampling  programs,  five  pipes  (Panda,  Misery, 
Koala,  Fox  and  Leslie)  are  planned  for  development.  Bulk  samples  ranging  from  60  to  800 
tonnes  were  collected  from  additional  kimberlite  pipes  in  early  1995.  The  project  is  currently 
under  review  by  a  four  member  panel,  appointed  by  the  Canadian  Federal  Government  in 
December  1994,  to  oversee  the  Environmental  Assessment  and  Review  Process  (EARP)  for  the 
project.  Diamond  production  will  begin  in  late  1997  pending  completion  of  feasibility  studies 
and  governmental  approval. 
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Figure  1.  Map  showing  the  prospecting  route  to  the  Lac  de  Gras  diamond  discoveries  in  the 
Northwest  Territories,  Canada. 


Table  1 .  Results  of  bulk  sampling  of  the  BHP/Dia  Met  kimberlites. 


Pipe  |  Year  |  Sample  Type  |  Dry  Tonnes  |  Grade  cts/dmt  |  Value  US$/ct  | 


Point  Lake 

1992 

1 5  cm  RC 

160 

0.63 

nr  (low) 

Fox 

1993 

27  cm  RC 

180 

0.34 

$81 

Fox 

1994 

Decline 

6915 

0.26 

$126 

Leslie 

1993 

27  cm  RC 

152 

0.43 

$89 

Koala 

1993 

27  cm  RC 

50 

1.25 

$112 

Koala 

1994 

27-76  cm  RC 

1193 

0.75 

$110 

Grizzly 

1993 

27  cm  RC 

21 

0.85 

nr  (low) 

Panda 

1994 

27  cm  RC 

230 

1.18 

$127 

Panda 

1994 

Decline 

2835 

0.93 

$132 

Misery 

1994 

1 5  cm  RC 

132 

3.3 

$43 

Falcon 

1994 

27  cm  RC 

426 

0.28 

$17 

160 


Experimental  melting  reactions  in  amphibole-  and 

PHLOGOPITE- BEARING  MANTLE  VEIN  ASSEMBLAGES  AND  THE 
TRACE  ELEMENT  COMPOSITIONS  OF  DERIVED  PARTIAL  MELTS 


Foley,  S.F.1,  van  der  Laan,  S.R.  L2  &  Horn,  I.1*3 

1  Mineralogisch-Petrologisches  Institut,  University  of  Gottingen,  Goldschmidtstrasse  1, 
37077  Gottingen,  Germany  (sfoley@gwdg.de). 
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Background:  Melting  of  Veined  Lithosphere 

The  ongin  of  alkaline  magmas  such  as  lamproites  and  kimberlites  by  partial  melting  of 
veined  lithospheric  mantle  successfully  explains  the  unusual  liquidus  relationships  of  these 
magmas  described  from  numerous  experimental  studies  (summarized  by  Foley  1990,  Edgar  & 
Vukadinovic,  1992).  This  model  of  magma  genesis  proposes  a  heterogeneous  source  consisting 
of  clinopyroxene-  and  phlogopite-rich  veins  in  garnet-  or  spinel-lherzolite  wall-rocks  (Foley, 
1992).  The  vein  assemblages  depend  on  the  composition  of  the  melt  from  which  they  crystallized, 
but  may  contain  accessory  phases  which  need  not  be  in  equilibrium  with  peridotitic  mantle.  This 
removes  the  severe  restrictions  on  stable  mantle  assemblages  which  apply  if  the  mantle  is 
homogeneous  on  a  large  scale. 

Beneath  a  craton  of  Archean  age,  each  part  of  the  mantle  can  be  expected  to  experience  the 
passing  of  convective  upwelling  every  few  hundred  Ma,  so  that  several  episodes  of  partial  melting 
within  the  mantle  may  have  occurred.  Melting  in  the  asthenosphere  during  these  heating  epsiodes 
results  in  intense  veining  of  the  underside  of  the  cratonic  lithosphere  and  the  focussing  of 
incompatible  element-rich  low-degree  melts  from  a  wide  area  of  the  asthenosphere  into  spatially 
restricted  vein  assemblages  in  the  lower  lithosphere.  This  scenario  is  compatible  with  models  for 
the  origin  of  oceanic  basalts  by  accumulation  of  very  low  melt  fractions  from  a  large  source  area 
(McKenzie  &  Bickle,  1988),  and  with  the  expected  transition  beneath  continents  from  an 
asthenospheric  porous  flow  regime  to  a  lithospheric  channelled  flow  regime  (Sleep,  1988;  Foley, 
1992).  Later  heating  episodes  reactivate  veins  leading  to  intrusion  of  later  vein  generations  with 
modified  geochemistry  to  higher  levels  in  the  lithosphere. 

Remelting  of  veined  mantle  during  later  reheating  events  is  initially  focussed  on  the  vein 
assemblages  due  to  the  concentration  of  volatile  aijd  incompatible  components.  However,  the 
initial  melt,  which  is  alkaline  due  to  the  character  of  the  vein  assemblage,  does  not  simply  move 
along  the  vein,  but  becomes  sucked  into  the  wall-rock  along  grain  boundaries  driven  by  a 
combination  of  surface  energy  minimization  and  a  chemical  potential  gradient.  Once  in  the  wall- 
rock,  the  melt  is  in  strong  disequilibrium  with  its  surroundings  and  assimilates  components  of  the 
peridotite  wall-rock  (Foley,  1992).  An  important  feature  of  the  model  is  that  considerable  reaction 
between  the  vein-derived  melt  and  the  wall-rock  occurs  at  a  temperature  below  the  solidus  of  the 
wall-rock.  Further  heating  leads  to  dilution  of  the  vein-derived  components  by  an  increasing 
volume  of  basaltic  melt  derived  from  the  peridotite. 

This  report  describes  the  initial  stages  of  an  experimental  study  aimed  at  determining  the 
melting  temperatures  and  melt  compositions  of  a  variety  of  likely  vein  assemblages.  For  this 
purpose,  veins  are  assumed  to  contain  abundant  clinopyroxene  and  phlogopite,  in  agreement  with 
near-solidus  assemblages  in  experiments  on  alkaline  rock  compositions  at  mantle  pressures.  We 
are  placing  emphasis  on  determining  the  melt  compositions  for  many  elements,  so  that  chemical 
interactions  between  melts  and  wall-rocks  can  be  modelled  at  a  later  stage  for  incompatible  trace 
elements  as  well  as  major  elements.  For  this  reason  we  are  employing  melt  extraction  traps  and  in- 
si  tu  Laser-ICP-MS  analyses  of  experimental  charges. 
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Experimental  details 

Two  series  of  experiments  are  being  conducted  at  pressures  of  1.5  and  5  GPa: 

(1)  Series  1:  Determination 
of  solidus  temperature:  The 
first  series  experiments  contain 
mixtures  of  one  third  each  of 
Clinopyroxene  (CPX),  Phlogopite 
(PHL)  and  KRichtentic  am  phi  bole 
(KR)  plus  lesser  amounts  (5  or 
15%)  of  rutile  (RU),  ilmenite 
(ILM)  or  apatite  (AP).  Further 
details  of  these  natural  mineral 
compositions,  the  mixtures  and  the 
Series  1  experiments  are  given  by 
van  der  Laan  &  Foley  ( 1994). 

This  First  series  of  experiments 
permits  determination  of  the 
solidus  temperature  for  the 
investigated  assemblage  as  well  as 
the  phase  relationships  close  to  the 
solidus.  Fig.  1  shows  that  the 
melting  reaction  at  1.5  GPa 
proceeds  by  incongruent  melting  of 
KR  (and  minor  PHL)  to  form 
olivine.  All  accessory  phases  are 
eliminated  close  to  the  solidus, 
regardless  of  their  abundance.  The 
formation  of  olivine  rather  than 
orthopyroxene  by  incongruent 
melting  indicates  that  these  melts 
will  be  very  reactive  with  respect  to 
orthopyroxene  and  garnet  when 
drawn  into  the  wall-rock  peridotite. 

Figure  1:  Melting  reactions  at  L5 
GPa  indicated  by  changes  in  modal 
mineralogy  as  a  function  of 
temperature. 

(2)  Series  2:  Determination  of  melt  composition:  A  second  series  of  experiments 
contains  the  same  starting  mixtures  as  in  the  first  series  with  the  addition  of  a  melt  extraction  trap 
consisting  of  crushed  carbon  glass.  During  the  experiments  at  high  pressures,  the  melt  is  drawn 
into  the  pore  space  in  the  extraction  trap  where  it  can  be  quenched  into  glass  pools  which  are  large 
enough  to  analyse  by  electron  probe  and  Laser-ICP-MS,  thus  bypassing  problems  caused  by 
quench  growth  onto  residual  crystals.  It  is  important  that  the  amount  of  pore  space  does  not 
exceed  the  volume  of  melt,  so  that  equilibrium  through  continuous  contact  may  be  maintained. 
Since  the  approximate  degree  of  melting  and  temperature  close  to  the  solidus  is  known  from  Series 
1,  the  amount  of  material  for  the  extraction  trap  can  be  estimated  without  the  need  for  a  large 
number  of  trial  experiments. 

Laser-ICP-MS  analysis  was  performed  at  the  Memorial  University  of  Newfoundland  using 
techniques  described  by  Jackson  et  al.  (1992),  although  a  new  Fisons  Plasmaquad  II+(S)  ICP-MS 
instrument  is  now  used.  Results  are  shown  in  Fig.2  as  primitive  mantle-normalised  abundance 
plots  for  two  experiments  in  which  ILM  (run  137)  or  RU  (run  138)  were  added  to  the  starting 
mixture  of  CPX+PHL+KR.  These  patterns  can  be  viewed  as  OIB-like  patterns  (Sun  & 
McDonough,  1989)  onto  which  unusual  enrichments  in  several  elements,  especially  alkalies  and 
high-field  strength  elements,  are  superimposed  The  highly  enriched  elements  reflect  the  identity 
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of  the  minerals  which  contribute  substantially  to  the  melt  (Fig.  1),  because  the  olivine  formed 
during  melting  does  not  take  up  these  trace  elements  to  any  significant  degree.  The  high  contents 
of  alkalies  are  derived  from  KR,  as  is  the  positive  anomaly  for  Sr  (Foley  et  al.,  this  volume), 
whereas  the  pattern  for  Nb,  Ta  >  Zr,  Hf  corresponds  approximately  to  that  expected  for  ilmenite 
and  rutile. 


Figure  2:  Abundances  of  trace  elements  in  two  1.5  GPa  melts  normalised  to  primitive  mantle 
(values  of  Sun  &  McDonough, ,  1989).  Both  starting  compositions  consisted  of  CPX+PHL+KR 
with  the  addition  ofILM(run  137)  or  RU  (run  138). 

Implications 

These  first  results  appear  to  indicate  that  the  trace  element  contents  of  melts  from  veins 
within  the  lithosphere  may  be  closely  predictable  from  mineral/melt  partition  coefficients.  The 
trace  element  composition  of  the  melts  is  controlled  principally  by  the  accessory  phases:  the 
phlogopite  and  clinopyroxene  do  not  supply  more  than  the  underlying  OIB-like  signature  in  Fig.2 
onto  which  the  characteristics  of  the  accessory  phases  are  superimposed.  This  means  that  trace 
element  patterns  of  highly  incompatible  element-enriched  rocks  such  as  kimberlites  or  lamproites 
depend  to  a  large  extent  on  the  accessory  phase  identities  and  abundances.  The  addition  of  apatite 
to  the  assemblages  depicted  in  Fig.2  should  lead  to  considerable  enrichment  in  U,  Th  and  the  rare 
earth  elements  (especially  LREE),  so  that  the  strongly  enriched  patterns  typical  of  lamproites  and 
kimberlites  would  be  prcxluced.  The  presence  and  magnitude  of  negative  anomalies  for  Nb,  Ta, 
Zr,  Hf  and  Ti  in  lamproites  (Foley  and  Wheller,  1990)  may  thus  be  due  to  varying  apatite/titanate 
abundances  in  the  vein  assemblages. 
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Mica-  and  amphi bole-bearing  rock  types  make  up  only  a  very  small  number  of  the 
xenoliths  found  in  kimberlites,  but  have  received  a  great  deal  of  attention  out  of  proportion  to  their 
abundance.  Reasons  for  this  are  that  they  represent  at  least  one  type  of  metasomatic  agent  causing 
progressive  change  to  the  chemistry  of  the  cratonic  mantle,  and  that,  because  of  their  hydrous 
mineralogy,  they  can  be  expected  to  be  early-melting  components  in  an  otherwise  strongly 
refractory  cratonic  lithosphere.  The  attention  of  researchers  has  concentrated  on  the  MARID 
nodules,  which  have  been  subjected  to  a  number  of  geochemical  studies  (e.g.  Waters  1987, 
Dawson  1987)  and  to  experimental  studies  aimed  at  both  explaining  their  origin  and  investigating 
the  composition  of  melts  which  may  result  from  reheating  of  a  MARID-bearing  mantle  (Sweeney 
et  al.,  1993;  van  der  Laan  &  Foley,  1994,  Foley  et  al.,  this  volume) 

In  this  Contribution,  we  extend  the  geochemical  study  of  natural  xenoliths  to  trace  elements 
in  order  to  provide  a  background  of  trace  element  abundance  and  partitioning  data  on  these  unusual 
mantle  rocks.  The  two  samples  studied  were  a  MARID  nodule  (BD70  from  Boshof  Dumps,  South 
Africa)  containing  phlogopite  (PHL),  diopside  (CPX),  K-richterite  (KR)  and  ilmenite  (ILM),  and  a 
bimineralic  phlogopite  +  amphi  bole  rock  (JKW-1  from  Wesselton,  South  Africa)  in  which  the 
amphibole  is  calcic  (magnesio-homblende;  CAM).  JKW-1  otherwise  contains  only  minor 
amounts  of  perovskite  on  grain  boundaries,  presumably  resulting  from  infiltrating  kimberlite 
magma.  The  K-richterites  in  BD70  have  smaller  sums  of  Si+Al+Ti  (<  8  cations)  than  is  usual  for 
MARID  amphiboles,  but  have  ’’normal”  contents  of  Ca,  Al,  Na  and  K. 

Trace  element  abundances  were  measured  by  Laser  Ablation  Microprobe-ICP-MS  (LAM) 
at  the  Memorial  University  of  Newfoundland.  This  instrument  consists  of  a  Q-switched  Nd:YAG 
laser  coupled  to  a  SCIEX  ELAN  250 ICP-MS.  The  laser  beam  is  steered  through  a  conventional 
petrographic  microscope  onto  a  thin  section  sample  which  stands  under  a  continuous  argon  stream 
during  analysis.  Detection  limits  are  between  0.1  and  1  ppm  for  the  analytical  conditions  employed 
in  this  study:  Further  details  of  the  LAM  analytical  system  are  given  by  Jackson  et  al.  ( 1992).  An 
analysis  is  obtained  by  time-integration  of  the  signal,  so  that  mineral  zonation  can  be  recognised 
and  quantified  as  shown  in  Fig.  1.  The  limits  of  the  two  zones  are  somewhat  arbitrary,  but  are 
chosen  to  allow  for  any  delay  in  the  transport  of  ablated  particles,  and  effectively  show  the 
magnitude  of  zonation. 

Results  of  LAM  analyses  are  listed  as  averages  in  Table  1.  PHL,  KR  and  CPX  in  the 
MARID  nodule  show  LREE>HREE  when  normalised  to  primitive  mantle.  The  alkaline  amphibole 
KR  shows  mild  enrichment  in  ’’strongly  incompatible”  elements,  but  to  a  much  lesser  extent  than 
PHL,  resulting  in  high  Dphukr  (Cs  -  5;  Rb  -  14;  Ba  =  4.7;  Th  5.8).  Nb  and  Ta  are  also  enriched 
in  PHL  relative  to  KR  (DPHlkr  -  Nb  =  2.3;  Ta  =  2.2),  whereas  Zr  and  Hf  are  enriched  in  KR 
(Dphukr  •  Zr  =  0.39;  Hf  -  0.53).  KR  also  shows  a  positive  Sr  anomaly  (Fig.2)  resulting  in 
Dphukr  of  0.02  and  Dkr/cpx  of  1.09. 
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Figure  1.  Signal  intensity  vs.  time  tor  a  MAR1D  clinopyroxene  showing  zonation  in  trace 
elements.  The  segment  marked  ’’background”  monitors  the  plasma  before  the  laser  is  switched  on. 
Zone  1  was  analysed  for  about  30  seconds  from  the  polished  surface  and  thus  repesents  the  crystal 
core  analysis.  Zone  2  is  the  crystal  rim  reached  deeper  in  the  ablation  pit.  Rims  show  higher 
abundances  of  HFSE  and  REE. 


LAM  analysis  of  zoned  crystals 


Table  1:  Mean  trace  element  abundances  (ppm)  by  Laser  Ablation  Microprobe  for  minerals  in 
MAR1D  nodule  BD-70  and  bimineralic  Ca-amphibole+phlogopite  nodule  JKW-1. 


BD70 

Phi 

BD70 

K-Rch 

BD70 

Cpx 

BD70 

Ilm 

JKW-1 

Phi 

JKW-1 

Amph 

V 

31 

48 

188 

2342 

85 

129 

Rb 

529 

38 

9 

13 

1929 

221 

Sr 

10 

472 

433 

38 

.4-0 

117 

Y 

0.4 

0.7 

4.5 

1.7 

0.21 

8.0 

Zr 

10 

27 

52 

417 

0.7 

8.7 

Nb 

13 

5.4 

7.6 

7625 

36 

3.2 

Cs 

3.7 

0.7 

<0.5 

0.7 

64 

5.9 

Ba 

153 

32 

51 

25 

452 

40 

La 

1.0 

2.5 

8.5 

1.8 

0.13 

0.65 

Ce 

1.7 

6.6 

30 

3.9 

0.19 

2.7 

Nd 

1.0 

2.7 

24 

2.0 

0.31 

1.5 

Sm 

0.6 

0.7 

2.9 

7.2 

0.26 

0.33 

Er 

<0.2 

<0.24 

0.4 

0.67 

Yb 

<0.7 

1.1 

0.5 

13.6 

0.82 

Hf 

<0.8 

1.4 

1.2 

6.5 

0.29 

0.26 

Ta 

0.6 

0.26 

0.5 

358 

1.9 

0.16 

Th 

3.0 

0.52 

0.48 

0.27 

U 

<0.3 

0.27 

0.26 
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The  two  nodules  studied  may  have  greatly  differing  origins:  a  composite  MARlD-plus-pendotite 
nodule  has  been  described  by  Waters  et  al.  (1989),  showing  that  MAR1D  nodules  have  a  mantle 
origin,  whereas  crystallisation  of  JKW-1  at  a  significantly  different  depth,  even  in  the  crust,  cannot 
be  discounted.  Trace  element  abundances  in  PHL  and  CAM  in  JKW-1  are  generally  lower  than 
for  the  BD70  minerals,  but  with  the  significant  exceptions  of  Cs,  Rb  and  V,  plus  Nb  and  Ta  for 
PHL.  The  differences  in  DPHucam  (Cs  =  10.7;  Rb  =  8.7;  Ba  =  1 1.2;  Nb  =  1 1.3,  Ta  =  1 1.8) 
presumably  are  caused  principally  by  differing  partitioning  behaviour  of  KR  and  CAM. 

Figure  2  illustrates  the  trace  element  patterns  of  amphi boles  from  BD70  and  JKW-1,  which  show 
the  somewhat  counterintuitive  feature  of  less  enrichment  of  Cs  and  Rb  in  the  alkaline  amphibole 
than  in  the  calcic  amphibole.  Fig.  2  also  compares  the  present  data  with  Laser-lCP-MS  analyses 
of  amphi  boles  (kaersutites)  from  Kakanui,  New  Zealand,  which  occur  in  clinopyroxemte  xenoliths 
and  as  megacrysts  (Zack,  1995).  The  amphiboles  in  South  African  kimberlite  nodules  have  lower 
contents  of  most  trace  elements  plotted,  but  higher  contents  of  alkalies.  The  marked  negative 
anomaly  for  U  and  Th  in  the  Kakanui  samples  is  missing  from  the  South  African  xenoliths.  The 
results  shown  in  Fig.2  show  that  a  great  variety  of  partitioning  behaviour  can  be  expected  in 
amphiboles  crystallising  in  different  parageneses  or  under  different  conditions,  so  that  care  should 
be  exercised  in  the  application  of  current  amphibole  partitioning  data. 

Figure  2:  Trace  element  abundances  of  amphiboles  from  nodules  BD70  and  JKW-1  compared  to 
those  of  kaersutitic  amphiboles  from  clinopyroxenite  xenoliths  and  megacrysts  from  Kakanui, 

New  Zealand.  Data  were  all  acquired  with  the  Laser-ICP-MS  facility  at  Memorial  University  of 
Newfoundland. 


Alkali  vs.  Calcic  Amphiboles 
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THREE  SERIES  OF  KIMBERLITE  BODIES  FROM  THE  DALDYN-ALAKIT  REGION  OF 
WESTERN  YAKUTIA 
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While  studying  the  geological  structure,  tectonic  position  and  composition  of  kimberlites  bodies 
of  the  regions  three  series  of  kimberlite  bodies  were  separated.  We  understand  a  series  as  a  group  of 
relative  kimberlite  bodies  formed  at  the  single  tectono-magmatic  stage  of  activization  of  one  magmatic 
source.  Kimberlite  bodies  of  one  series  are  characterized  by  parallel  differentiation  trends  from  the  first 
intruding  phase  of  porphyry  kimberlites  (PK)  to  the  second  volcanic  phase  of  autolithic  kimberlite  breccia 
(AKB).  The  typical  trends  were  estimated  according  to  the  content  of  main  rock-forming  minerals 
(xenomorphic  deep-seated  olivine,  kimberlite  euhedral  olivine,  pyrope,  Cr-spinel,  picroilmenite),  major 
rock-forming  oxides  (Si,  Ti,  Fe,  Mg,  Ca,  Na,  K,  and  CO),  minor  elements  (Cr,  Ni,  Co,  V,  Sc,  Ba,  Sr),  and 
finally  diamond  content. 

Typical  features  of  the  first  series  kimberlite  rocks  are: 

-  commercial  content  of  diamonds, 

-  higher  diamondiferousness  of  AKB  relative  to  PK,  moderate  picroilmenite  content, 

-  highest  pyrope  (the  Komsomolskaya  pipe)  and  Cr-spinel  (the  Aikhal  pipe)  contents, 

-  highest  portion  of  xenomorphic  olivine  (as  serpentine  or  serpentine/carbonate  pseudomorphs), 

-  highest  portion  of  ultramafic  and  metamorphic  rock  xenoliths,  ultramafic  garnet  domination 
among  other  garnets, 

-  weak  contrasting  differences  between  intrusive  and  volcanic  phases  according  to  the  major  and 
minor  element  composition  (PK  are  richer  in  Cr,  Ni,  Co,  V,  Sc), 

-  volume  PK/AKB  ratio  is  1:  3  (the  Yubileinaya  pipe)  to  1:  10  (the  Komsomolskaya  pipe), 

-  identical  secondary  mineralization  of  both  intrusive  and  volcanic  kimberlite  rocks. 

Specific  features  of  the  second  series  kimberlite  rocks  are: 

-  very  low  diamond  content  in  both  intrusive  and  volcanic  phases  (intrusive  phase  rocks  are 
slightly  richer), 

-  very  low  content  of  indicator  minerals  (<  0.05  kg/t)  such  as  pyrope,  picroilmenite  and  Cr-spinel 
(picroilmenite  content  is  somewhat  higher  in  PK  under  equal  PK  and  AKB  pyrope  contents), 

-  very  low  portion  of  xenomorphic  olivine  (1 .5  to  6  %), 

-  full  absence  of  ultramafic  xenoliths  or  nearly  so, 

-  over  60  %  of  garnets  correspond  to  those  from  basic  (crustal)  assemblages, 

-  PK  and  AKB  are  clearly  different  in  petrochemistry  (PK  are  enriched  in  Mg,  Fe,  and  Ti,  AKB 
is  richest  in  Ca), 

-  contrasting  minor  element  composition  of  intrusive  and  volcanic  phases  (Cr,  Ni,  Co,  V,  Sc  and 
Sr,  Ba  contents  are  higher  in  PK  and  AKB,  respectively), 

-  volume  intrusive/volcanic  phase  ratio  is  1:  50, 

-  secondary  mineralization  of  kimberlite  rocks  of  intrusive  and  volcanic  phases  is  differing. 

The  third  series  kimberlite  rocks  are  characterized  by: 

-  low  to  moderate  diamond  content,  intrusive  rocks  are  richer  in  diamonds  compared  to  volcanic 

rocks; 

-  highest  picroilmenite  content  (up  to  3.5  %)  and  ten  times  lower  pyrope  content,  moderate 
portion  of  xenomorphic  olivine  of  10-17  vol.  %, 

-  moderate  portion  of  ultramafic  and  metamorphic  rock  xenoliths  being  slightly  higher  in  PK, 
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-  garnets  are  represented  by  the  pyropes  of  ultramafic  assemblages, 

-  moderate  difference  between  PK  and  AKB  major  and  minor  element  compositions  (PK  are 
richer  in  MG,  Fe,  Ti,  and  AKB  in  Ca), 

-  volume  PK/AKB  ratio  varies  from  1:1  to  1:50, 

-  moderate  difference  between  the  secondary  mineralization  of  intrusive  and  volcanic  rocks. 
Within  the  region  the  pipes  of  three  distinguished  series  are  grouping  into  clusters  and  chains. 
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The  Gibeon  Kimberlite  Province  of  Southern  Namibia  comprises  more  than  90  kimberlite  dykes 
and  pipes,  numerous  associated  carbonatites  and  the  ultrabasic  massif  of  the  Blue  Hills  (Janse, 
1964,  1971).  The  volcanism  may  have  been  triggered  about  70  Ma  ago  by  the  socalled  Verna  hot 
spot,  now  active  under  the  Atlantic  ocean  (Spriggs,  1988;  Kurszlaukis,  1994).  The  diatremes  are 
located  within  shales  and  quartzites  of  the  Precambrian  to  Cambrian  Nama  Subgroup  and  are 
underlain  by  Proterozoic  metamorphites  of  the  Rehoboth  Subprovince.  The  kimberlites  of  the 
Gibeon  Province  are  non-diamondiferous  which  can  be  related  to  the  "off-craton"-character  of  the 
area  and  its  lower  crustal  thickness  compared  to  the  adjacent  Kaapvaal  Craton.  We  report  here  on 
results  on  peridotite  xenoliths  from  the  pipes  Hanaus  and  Anis-Kubub  and  compare  them  with 
former  results  on  peridotites  from  the  Hanus  pipe  and  the  Louwrentsia  pipe  (Mitchell,  1984)  as 
well  as  the  Gibeon  Townsland  1  pipe  (Franz  et  al.,  1995). 

The  Hanaus  diatreme  is  a  big  polyintrusive  kimberlite  pipe  which  contains  gamet-lherzolites  and 
also  garnet-spinel-  and  spinel-lherzolites.  Most  samples  are  intensly  ("mosaic-porphyroclastic")  or 
partly  sheared  ("porphyroclastic")  and  some  are  granular  ("coarse  equant",  textural  classification 
after  Harte,  1977).  PT-estimates  using  different  thermobarometers  mostly  plot  along  an  elevated 
geothermal  gradient  of  about  50mW/m2,  similar  to  the  findings  for  the  Gibeon  Townsland  1  pipe. 
All  samples  originate  from  the  stability  field  of  graphite  with  the  deepest  samples  corresponding 
to  PT-conditions  of  more  than  1300°C  and  45  kbar  (Fig.  1).  The  coarse  equant  and  the  porphyro¬ 
clastic  nodules  from  Hanaus  do  not  contain  equilibrium  assemblages  since  Al  and  Ca  in  Opx  as 
well  as  Ca  in  Ol  increase  from  the  core  to  the  rim,  pointing  towards  transient  heating  in  the  upper 
mantle.  The  mosaic-porphyroclastic  nodules  lack  any  mineral  zonation  and  yield  consistent  PT- 
estimates  with  different  methods.  This  indicates  complete  reequilibration  during  ductile  shearing 
in  the  mantle. 

The  small  Anis-Kubub  diatreme  at  the  Northern  border  of  the  Province  displays  numerous  crustal 
and  mantle  nodules.  Except  for  one  ilmenite-phlogopite-lherzolite,  all  mantle  xenoliths  are  gamet- 
lherzolites  with  coarse  equant  and  porphyroclastic  textures  while  mosaic-porphyroclastic  textures 
are  rare. 


P  (kbar) 


Depth  (km) 


Fig.  I  PT-estimates  for  the  primary 
parageneses  of  the  xenoliths  from 
Hanaus  pipe  (filled  symbols)  and  Anis 
Kubub  pipe. 


o  coarse  equant 
o  porphyroclastic 
□  mosaic-porphyroclastic 


Thermobarometry  of  the  primary  parageneses  gives  PT-estimates  of  35-45  kbar  at  temperatures 
of  1050-1300°C  (Fig.  1).  This  spans  the  range  from  a  conductive  geotherm  of  about  44  mW/m2 
(coarse  equant)  to  an  elevated  gradient  of  up  to  50  mW/m2  (porphyroclastic  and  mosaic-porphy- 
roclastic).The  primary  parageneses  of  the  coarse  equant  and  porphyroclastic  xenoliths  from  Anis 
Kubub  pipe  show  distinct  zonation  patterns:  Similar  to  the  Hanaus  pipe,  Ca  as  well  as  A1  in  Opx 
increase  from  core  to  rim.  Garnets  reveal  increasing  XMg  values  towards  the  rim  and  olivines 
display  strong  enrichment  of  Ca  in  the  outer  rim  sections,  a  fact  which  is  even  observed  within  the 
mosaic-porphyroclastic  xenoliths. 

Beside  mineral  zonation,  severe  secondary  alterations  affected  the  primary  parageneses  of  the 
Anis  Kubub  xenoliths:  Garnets  are  mantled  by  phlogopite  and/or  coronas  of  spinel  and  secondary 
pyroxenes  due  to  the  reactions 

2  Pyp  +  En  +  4  H2O  +  2  K2O  (in  fluid  phase)  <==>  Phi, 

Pyp  +  Fo  <==>  2  En  +  Sp  and 

Pyp  +  Grs  +  3  Fo  <==>  Di  +  Sp. 

Melt  pockets  around  garnet,  which  contain  secondary  pyroxenes  and  spinel  point  to  a  reaction  of 
Pyp  +  Grs  +  Fo  +  fluid  phase  <==>  Opx  +  Cpx  +  Sp  +  melt. 

Fine,  angular  grains  of  secondary  olivine  with  high  Ca  contents  and  felt-like  aggregates  of  K-rich- 
terite  as  well  as  Mg-arfvedsonite  developed  at  the  expense  of  primary  ortho-  and  clinopyroxene 
due  to  metasomatic  overprint  at  high  temperature  by  the  reactions: 

4  En  +  Di  +  H2O  +0.5  Na20  +  0.5  K2O  (in  fluid  phase)  <==>  K-Ri  +  Fo  and 

10  En  +  Fs  +  H2O  +  K2O  +  2  Na20  (in  fluid  phase)  +  0.5  O2  <==>  2  Mg-Arf  +  6  Fo. 

A  PT-estimate  for  this  overprint  can  be  performed  using  different  calibrations  of  the  two  pyroxene 
thermometry  (Brey  and  Kohler,  1990)  on  secondary  pyroxenes  within  the  coronas  around  garnet. 
The  three  calibrations  (TBKN,  TCaOpx  and  TNaOpx)  point  to  temperatures  of  1 100-1250°C 
with  their  reaction  curves  intersecting  at  about  20  kbar  (Fig.  2).  Similar  pressures  are  indicated  by 
the  spinel  forming  reactions  calculated  with  the  TWEEQ-programm  of  Berman  (1991)  and  also 
by  the  Ca  in  Ol  barometry  of  Kohler  and  Brey  (1990;  see  Fig.  2).  Judging  from  these  data  and 
from  PT-estimates  of  lower  crustal  xenoliths  (Rupprecht  et  al.,  1995),  this  metasomatic  overprint 
must  have  occured  within  a  magma  chamber  located  close  to  the  boundary  of  upper  mantle  to 
lower  crust. 


P  (kbar) 


Fig.  2  PT-estimates  for  the  metasomatic  overprint  of  the  Anis  Kubub  xenolith  KAK3 1 ;  the  error 
bars  indicate  the  PT-estimate  for  the  primary  paragenesis  using  the  TBKN  and  PBKN  calibrations 
of  Brey  and  Kohler  (1990). 
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Zonation  of  Ca  in  olivine  is  always  present  in  the  mantle  xenoliths  from  Anis  Kubub  pipe  and 
therefore,  an  estimate  for  the  duration  of  the  overprint  can  be  performed  using  the  diffusion  rates 
for  Ca  in  olivine  of  Jurewicz  and  Watson  (1988)  and  the  diffusion  equation  of  Crank  (1975). 
Assuming  an  fC>2  near  the  QFM  buffer  (10"8  atm),  a  diffusion  along  the  C-axis  of  olivine  and 
temperatures  of  1 150°C,  the  duration  of  the  overprint  would  be  60  (±20)  days. 

As  demonstrated  above,  the  xenoliths  of  the  Gibeon  Kimberlite  Province  suffered  a  polyphase 
overprint  in  the  upper  mantle  and  -  in  case  of  the  Anis  Kubub  pipe  -  in  a  magma  chamber  at  the 
boundary  of  upper  mantle  to  lower  crust.  The  first  thermal  perturbation  affected  the  xenoliths  in 
situ,  which  is  indicated  by  the  isobaric  heating  processes.  The  fact,  that  a  perfect  thermobaro- 
metric  reequilibration  to  the  perturbed  geothermal  gradient  of  50  mW/m^  is  only  present  within 
the  intensly  sheared  mosaic-porphyroclastic  xenoliths  shows  that  heating  was  connected  with  a 
severe  dynamic  recrystallization.  Such  an  anomalously  high  geothermal  gradient  is  thermally 
instable  and  must  have  developed  shortly  before  the  eruption  of  the  kimberlites  because  other¬ 
wise,  retrograde  zonation  patterns  of  elements  with  high  diffusion  r&tes  (e.g.  Ca  in  olivine  and 
orthopyroxene)  would  have  developed  during  subsequent  cooling.  These  observations  are  in 
accordance  with  our  former  results  on  mantle  xenoliths  from  the  Gibeon  Townsland  1  pipe  (Franz 
et  al.,  1995)  and  the  data  of  Mitchell  (1984)  for  the  Hanaus  and  the  Louwrentsia  pipe. 

The  absence  of  diamonds  in  the  Gibeon  Kimberlite  Province  results  from  the  shallow  position  of 
the  asthenosphere  in  Southern  Namibia  as  well  as  from  the  elevated  geothermal  gradient.  A 
further  reason  for  the  lack  of  diamonds  could  be  a  thermal  and  metasomatic  reequilibration  of  the 
kimberlite  as  well  as  its  xenoliths  within  a  deep-seated  magma  chamber  as  observed  at  the  Anis 
Kubub  pipe.  An  overprint  in  such  a  shallow  level  under  elevated  temperatures  and  high  fluid 
activity  would  probably  have  oxidized  any  present  diamonds  within  the  kimberlite. 
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LASEROLUMINESCENT  SORTING  AND  IDENTIFICATION  OF  DIAMONDS 
Gaft1,  M.,  Kagan2,  B.,  Shoval1,  S. 

1.  The  Open  University  of  Israel,  16  Klausner  St.,  P.O.B.  39328,  Tel-Aviv 
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2.  Handling  Materials  System  Ltd,  Israel 

Diamond  luminescence  was  studied  mainly  with  the  two  following  aims:  to 
carry  out  a  fundamental  investigation  of  the  physical  properties  of  diamonds 
and  to  determine  the  optimal  conditions  for  luminescent  sorting  of  diamond 
bearing  rocks.  For  the  first  task,  diamond  photoluminescence  was  studied  at 
liquid  nitrogen  temperature  (77  K)  at  which  luminescence  centers  are  marked 
by  characteristic  zero-fonon  lines  and  are  much  more  informative  then  at 
room  temperature  (300  K) .  For  the  second  task,  luminescence  properties 
should  be  studied  at  300  K,  but  it  was  maintained  that  sorting  under  X-ray 
excitation  is  better  then  under  UV  lamps  excitation  and,  again,  the 
photoluminescence  (PL)  at  300  K  was  considered  as  unimportant  property. 

Moreover,  new  deposits  have  been  discovered  with  contain  diamonds 
without  luminescence  under  X-ray  excitation.  Sometimes  this  portion  which 
is  unrecovereble  in  X-ray  luminescent  sorters,  is  big  enough  to  warrant  the 
development  of  a  new  sorting  method.  For  such  diamonds  the  UV  excitation  at 
300  K  proved  to  be  very  effective,  not  under  UV  lamps,  but  under  powerful 
UV  lasers  [1].  In  addition,  in  the  jewels  industry  there  is  need  to  be  able 
to  quickly  identify  any  particular  diamond  and  to  be  able  to  distinguish  it 
from  the  others.  For  example,  since  the  appearance  of  diamonds  living  the 
polishing  factory  have  no  resemblance  to  diamonds  that  entered  it,  the 
opportunity  exists  for  the  polished  gems  to  be  switched  for  less  valuable 
ones.  The  PL  of  diamonds  at  300  K  was  proposed  as  a  property  that  is 
unaffected  by  the  cutting  and  polishing  process  and  allows  to  discover  the 
substitution  of  jewels  [2,  3]. 

These  reasons  stimulated  our  investigation  of  diamond  PL  at  300  K.  The 
data  presented  (Table  and  Fig.  1)  are  based  on  a  representative  sampling  of 
diamonds  (more  than  500  stones)  from  different  kimberlites  of  USSR,  China 
and  South  Africa.  The  luminescence  spectra  were  investigated  under  eximer 
(222,  248  and  308  nm)  and  dye  laser  (340  -  360  nm)  excitations. 


Table.  Luminescence  parameters  of  diamonds  at  300  K 


LC 

Spectral 

-kinetic  parameters 

LC 

Spectral- 

kinetic  parameters 

nm,lum 

i  HW  nm 

nm,ex 

decay, mcs 

nm,lum 

HW  nm 

nm,ex 

decay, mcs 

N3 

440 

50 

370 

0.02-0.04 

S2 

540 

85 

340 

2-3,  240 

A 

460 

100 

<240 

0.03,100,3000 

SI 

575 

100 

340 

0.02 

H3 

535 

70 

340 

0.02,7.5,7700 

578 

675 

60 

340 

0.01,  200 

H4 

520 

70 

340 

0.02 

640 

685 

70 

380 

? 

S3 

535 

65 

340 

2-3,  25 

788 

788 

5 

340 

? 

Determining  the  nature  of  the  luminescence  centers  (LC)  was  done 
according  to  the  comparative  investigation  of  luminescence  at  77  K  and  at 
300  K  on  "pure  type"  diamonds  with  certain  type  of  defects.  The  only 
luminescence  center  with  an  appreciable  fine  structure  at  300  K  is  N3, 
while  its  line  at  415  nm  has  different  intensities  down  to  disappearance 
(Fig.  la).  The  decrease  of  line  intensity  is  accompanied  by  an  increase  of 
the  340  nm  band  in  the  excitation  spectrum.  The  cause  may  be  the  formation 
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of  N3  clusters  with  the  ensuing  concentration  quenching  resulting  from 
energy  migration.  The  transfer  is  evidently  of  the  emission-reabsorption 
type.  A  feature  distinguishing  the  N3  is  that  its  absorption  is  similar  to 
its  excitation  and  presents  a  mirror  reflection  of  its  PL.  The  line  at  415 
nm  is  present  in  the  emission  and  in  the  absorption  spectra  being  subjected 
to  the  concentration  quenching.  The  process  is  strong  in  yellow  diamonds 
with  elevated  N3  contents.  A  reabsorption  at  415  nm  in  these  diamonds  is 
clearly  seen  in  the  spectrum  with  a  time  delay  of  1  mcs,  when  N3  is  no 
longer  detected  because  of  its  short  decay  time  (Fig.  lb). 

The  PL  at  300  K  enables  the  problems  described  above  to  be  solved. 

Sorting  of  diamonds 

Luminescence  is  generated  by  two  lasers  with  different  wavenumbers  -  the 
eximer  laser  with  the  line  at  222  nm  which  excites  the  A-band,  and  the 
nitrogen  laser  which  excites  mainly  S3  and  "578  nm"  centers.  A-band  is 
present  in  approximately  95  %  of  investigated  diamonds,  but  with  the  big 
intensity  variation.  Practically  all  the  diamonds  with  the  weak 
A-luminescence  are  characterized  by  strong  luminescence  under  nitrogen 
laser  excitation.  Detection  is  carrying  out  at  two  spectral-kinetic 
selective  windows  -  between  420  and  480  nm  with  time  delay  of  3-9  ms  and 
between  450  and  650  nm  with  time  delay  of  1-20  mcs. 

Comparative  investigation  yielded  the  following  results:  in  12  %  of  the 
sampling  laser  excitation  is  much  more  effective  and  may  be  used  even  for 
recovering  diamonds  from  the  wastes  of  X-ray  sorters;  in  85  %  of  the 
sampling  laser  excitation  is  better  and  allows  for  a  higher  feeding  rates 
and  recovery  efficiency;  in  3  %  of  the  sampling  the  diamonds  were  not 
luminescent  under  both  kinds  of  excitation.  This  sorting  may  be  realized  by 
the  equipment  demonstrated  in  Fig.  2. 

Identification  of  diamonds 

The  combination  of  luminescence  properties  (spectra  of  luminescence  and 
excitation,  decay  time  and  intensity  of  luminescence)  at  300  K  together  with 
suitable  program  for  data  treatment  allows  for  a  reliable  identification  of 
specific  diamonds  and  distinguishing  them  from  others.  Time-delayed 
sepctroscopy  is  especially  effective,  because  50-70  %  of  diamonds  have 
strong  N3  luminescence  which  hinders  the  discrimination.  After  0.001  ms 
delay  the  N3  is  totally  quenched  and  more  individual  bands  appears  (Fig,  a 
and  c) . 

Part  of  this  investigation  was  carried  out  while  the  author  worked  at  the 
All-Union  Institute  of  Mineral  Resources  (Moscow,  Russia).  The  author 
express  deep  appreciation  to  his  former  colleagues  for  their  great  help. 
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nm 

Fig.  l.  Luminescence  spectra  of  diamonds:  a  -  of  N  centers  (1)  and  clasters 
of  N3  centers  (2) ;  b  -  reabsorption  at  415  nm  in  time-delayed  spectrum;  c  - 
time-delayed  spectrum  (sample  with  N3  clasters) . 


1-laser  (222  nm) .  2-laser  (337  nm) ,  3**control  generator,  4 -monolithic 
spectrometer  module,  5“0ptical  system,  6-extraction  range,  7-spectral 
ratio  computation,  8-decay  time  computation,  9”Comparator,  10- Boolean 
operation,  11-ejection 


Fig.  2.  Block-diagramm  of  the  equipment  for  the  laseroluminescent 

sorting . 
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MORPHOLOGY  AND  GROWTH  HISTORY  OF  DIAMONDS 
IN  ARKHANGELSK  KIMBERLITE  PIPES 


V.K. Garanin,  T . V . Posukhova 

Moscow  State  University,  Geological  department,  Moscow,  Russia 

The  peculiarities  of  diamond  crystal  morphology  from  the 
five  kimberlite  pipes  of  Arkhangelsky  kimberlite  province  were 
investigated  by  optic  and  microprobe  analyses  methods.  It  was 
distinguished  the  main  crystalomorphological  types  of  a  diamond: 
round  rhombododecahedron  crystals,  plain-curve  transitional  forms 
(0-D),  cubic  and  the  octahedron  habit  crystals.  Round 
rhombododecahedron  crystals  dominate.  Their  surfaces  are 
laminar,  fluted  and  overstepping.  Some  dodecahedra  are  distorted. 
Gubic  and  transmission  polyhedra  have  rough  surfaces  with 
tetragonal  etch  pits  on  the  faces  (100)  and  knobby,  surfaces 
{110}  The  octahedron  diamond  crystals-,  as  a  rule,  have  sharp 
edges  and  smooth  faces.  Secondary  forms  are  bad  developed  and, 
as  usual,  we  can  see  only  two  or  three  faces.  The  main  of  them 
are  [110],  [111],  [001],  [211].  Some  octahedra  are  distorted, 

with  combination  of  faces  (110)  and  (100)  All  diamond  crystals 
from  Arkhangelsk  kimberlite  pipes  have  a  specific  features  on 
their  surfaces:  inversive  triangular  pits  on  the  (111)  faces, 
knobby,  mosaic-blocked  and  concentric-hatching  relief  on  the 
(110)  surfaces. 

The  long  and  difficult  kimberlite  magma  evolution 
accompanied  by  modification  of  P-T  and  redox  conditions  was 
traced  on  the  diamond  crystal  morphology.  It  was  established, 
that  the  qualitative  and  the  quantitative  distribution  of 
different  diamond  crystales  are  specified  to  each  kimberlite 
field  and  pipe  The  quantitative  one  of  rombododecahedra, 
tetragecsahedra  and  cubic  diamond  crystals  with  the 
sculptures  formed  during  the  solution  (  pits,  hills,  channels 
and  caveats  of  etching,  strikes  of  plastic  deformation)  increases 
in  poor  pipes  (  pipe  An-734  from  Kepinskoye  kimberlite  field,  for 
example) . 

The  physical-chemical,  thermodynamic  and  kinetic  conditions 
of  kimberlite  crystallization  change  with  the  depth.  It  was 
studied  the  diamonds  from  the  Pioneerskaya  kimberlite  pipe.  At 
the  upper  horizons  of  this  pipe  were  established  usual  diamond 
crystals:  round  rhombododecahedral  (  >2mm  ),  octahedral  and 
combinative  0-D  forms  (  0 , 5 -1mm  ),  which  are  typical  for  all 
kimberlites  [  Orlov,  1984  ] .  At  the  depth  unusual  diamond 
microcrystals  (  <0,lmm  )  were  found:  hollow  box  skeletal  round 
octahedr  irregular  and  incompletely  filled  by  thin  diamond 
plates,  growing  at  the  angle  to  the  surface;  tabular  and 
erosslooked  fragments  of  zone-sector  crystals  and  the  smooth 
licked  grain  in  plating  cover 

Such  types  of  crystals  are  similar  to  diamonds  from 
metamorphic  rocks  [  Posukhova,  Nadezdina,  1990  ]  and  therefore 
we  propose  the  similarity  between  conditions  of  their  genesis. 
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The  crys tallomorphology  analyses  and  the  experimental  data  show, 
that  the  boxy  crystals  are  characterized  by  the  fibrous 
mechanism  of  growth,  which  takes  place  at  the  non-equilibrium 
conditions  when  temperature  decreased  [  Sunagava,  1986  ] .  The 
result  of  such  deviation  from  equilibrium  may  be  spherical 
isometric  forms  of  diamonds.  Skeletal  growth  of  crystals  are 
due  to  fast  deposition  of  carbon,  sharp  increasing  of  saturation 
degree  and  high  content  of  impurities.  The  impurities  increase 
the  speed  of  growth  and  make  the  diamond  crystals  defective. 

They  acquires  sector  and  zone-sector  structure.  Fast 
saturation  (cooling)  of  mineral  solution  is  the  cause  of  forming 
a  great  number  of  nucleus,  that  explains  a  very  small  size  of 
diamond  crystals  and  a  wide  spreading  of  twins. 

The  occurrence  in  Arkhangelsk  kimberlite  province  pipes 
two  kinds  of  diamonds:  usual  octahedron  and  rhombododecahedron , 
which  grow  by  tangle  (faced  )  mechanism,  and  box-skeletal 
zone-sector  diamonds,  which  grow  by  normal  (fibrous)  mechanism, 
means  the  complicate  geological  and  geochemical  conditions 
during  the  kimberlite  forming.  We  suggest,  that  the  diamond 
crystals  from  Arkhangelsk  kimberlite  pipes  had  a  long  and 
difficult  history  and  distinguished  four  studies  of  their  growth 
and  postcrystallization  changing.  The  first  study  is  the  growth 
of  the  first  large  diamond  crystal  generation  at  the  stable 
conditions  in  the  mantle.  The  second  study  is  the  solution 
of  that  diamond  crystals  during  the  kimberlite  lifting.  The  third 
study  is  the  spontaneous  crystallization  of  the  second 
little  diamond  crystal  generation  at  the  metastable  conditions  in 
the  intermediate  hearth  and  the  last  study  is  the  occurrence  of 
the  both  types  of  the  crystals  at  the  metastable  conditions 
in  the  earth  s  crust. 

The  changing  of  P-T  conditions  during  the  diamond 
growth  end  postcrystalline  dissolution  of  diamond  crystals  may 
have  as  a  result  the  differences  in  diamond  contents  of 
kimberlite  pipes  and  it  must  be  take  into  account  during 
prospecting  and  explorative  works. 
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TYPOMORPHISM  OF  MICROCRYSTALLINE  OXIDES  FROM  KIMBERLITE 
GROUNDMASS  IN  ARKHANGEL  KIMBERLITE  PROVINCE 


Garanin  V.K.,  Posukhova  T.V. 

Moscow  State  University,  Geological  department,  Moscow,  Russia 

The  peculiarities  of  microcrystalline  oxides  from 
groundmass  in  10  pipes  of  Arkhangel  kimberlite  province  were 
investigated  by  optic  and  microprobe  methods.  The  data  base, 
including  396  full  microprobe  analyses  of  spinels  ilmenites  and 
rutiles  from  Zoloti tskoye ,  Verkhot inskoye  and  Kepinskoye 
kimberlite  fields  and  Tourinskoye  basaltic  groups  was 
composed.  By  cluster  analyses  methods  12  chemical-genetic 
groups  of  microspinels,  5  chemical-genetic  groups  of 
micro! Imenites  and  2  chemical  genetic  groups  of  microrutiles  were 
distinguished.  The  oxides  from  this  groups  differ  by  contents  of 
main  components  and  by  distribution  in  different  kimberlite 
pipes.  The  high-  and  middle-Cr-picrochromites  of  the  first 
and  the  second  cluster  groups  are  attributed  to  the  beginning  of 
the  crystallization  processes  They  occur  in  inner  parts  of* 
grains  and  form  inclusions  in  microcrystalline  olivine.  The 
Fe-Ti-rieh  phases  belonging  from  the  eighth  to  the  tenth  cluster 
groups  characterize  the  ending  of  crystallization  processes. 

They  occur  in  outer  parts  of  microcrystalline  grains  in 
kimberlite  groundmass. 

The  physical-chemical,  thermodynamic  and  kinetic  conditions 
of  kimberlite  crystallization  were  estimated  at  the  base  of 
microcrystalline  phases  chemical  composition  peculiarities. 

The  high-  and  middle-Cr-picrochromites  of  the  first  and  second 
cluster  groups  were  crystallized  in  deep  conditions  in 
diamond-established  thermodynamic  region.  The  picroferro-  and 
picrof errichromites  belonged  from  the  third  to  the  fifth  cluster 
groups  and  the  Mg-Cr-Al-titanomagnetites  belonging  from  the 
eighth  to  the  tenth  cluster  groups  were  crystallized  in  less 
depth  in  diamond-non- established  thermodynamic  region. 

It  was  established,  that  the  long  and  difficult 
kimberlite  magma  evolution  was  accompanied  by  modification  of  P-T 
and  red/oxidation  conditions.  The  later  may  be  traced  by  the 
crystallization  trends,  which  are  specific  for  each  kimberlite 
field  and  pipe. 

It  was  established,  that  the  rich  pipes  of  Zolotitsky  field 
are  characterized  by  parting  (  sharing)  trend:  from  the  high- 
and  middle-  Cr-picrochromites  of  the  first  and  the  second  cluster 
group  to  Cr  uivospinels  belonged  from  the  sixth  to  the  seventh 
cluster  groups.  The  first  prevails.  The  high-Ti-f errous  phases, 
such  as  ilmenites  and  rutiles  are  absent  In  Solotitsky  field.  It 
is  very  important,  that  the  high-Cr-picrochromites  (<  53,0  mas . % 
Cr203;  >  3,5  mas . %  Ti02)  of  the  first  cluster  group  were 
established  only  in  Zolotitsky  field  pipes  and  in  Verkhotinsky 
and  Kep insky  field  kimberlites  they  are  absent. 
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The  poor  pipes  of  Verkhotinsky  field  are  characterized  by 
sharing  trend.  There  are  only  two  kinds  of  oxides:  the  middle  - 
Cr  picrochromite  of  the  second  cluster  group  and  the  Mg  -  Cr  - 
A1  T  ti tanomagnetite  of  the  eighth  cluster  group.  The  last  kind 
of  oxides  prevails.  Another  phases  are  absent.  It  means,  that  the 
kimberlites  of  Verkhotinsky  pipes  formed  in  lesser  depths  and 
under  the  conditions  of  higher  oxygen  fugacity,  than  the 
kimberlites  of  Zolotitsky  pipes. 

The  poor  pipes  of  Kepinskoye  field  are  characterized  by 
full  trend:  from  middle-Cr-picrof errochromites  of  the  third 
cluster  group  to  magnetites  of  the  tenth  cluster  groups, 
ilmenites  and  rutiles.  The  occurrence  of  middle  -  Cr  - 
picrof errochromites  of  the  third  cluster  group  means,  that  these 
kimberlites  were  formed  at  the  smaller  depths  in  diamond  -  non  - 
established  thermodynamic  region.  The  occurrence  of 
titanomagnetites,  ilmenites  and  rutiles  means,  that  these 
kimberlites  have  been  forming  during  the  long  time,  under  the 
conditions  of  fast  and  high  increasing  of  Fe3+  and  oxygen 
activities . 

The  difference  of  kimberlite  magma  evolution  has  the  result 
in  diamondif errous  of  kimberlite  pipes  and  it  must  be  take  into 
account  during  prospecting  and  explorating  works. 
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ARCHEAN  AND  PROTEROZOIC  MANTLE  IN  WEST  GREENLAND 

Dorte  Garrit1,  W.L.  Griffin2  and  Suzanne  Y.  O'Reilly3 

1  Geological  Museum,  Ostervoldgade  5-7,  Copenhagen,  Denmark. 

2CSIRO  Div.  of  Exploration  and  Mining,  Box  136,  North  Ryde,  Sydney,  2113,  Australia. 

3  Centre  for  Petrology  and  Lithospheric  Studies,  School  of  Earth  Sciences,  Macquarie 
University,  Sydney,  2109,  Australia. 

West  Greenland  consists  of  an  Archean  craton  surrounded  to  the  north  and  south  by 
Proterozoic  mobile  belts.  Ultramafic  xenoliths  from  localities  around  the  northern  border  of 
the  Archean  craton  provide  an  ideal  opportunity  to  compare  the  structure,  chemical 
composition  and  thermal  states  of  the  lithospheric  mande  beneath  such  tectonically 
contrasting  regions. 

Three  localities  have  been  chosen  for  that  purpose:  the  Holsteinborg  (Sisimiut)  region 
situated  in  the  Proterozoic  northern  Nagssugtoqidian  mobile  belt,  the  Sarfartoq  area  in  the 
transition  zone  between  the  mobile  belt  to  the  north  and  the  Archean  block  to  the  south,  and 
the  Sukkertoppen  region  (Maniitsoq)  well  inside  the  Archean  craton.  The  ultramafic 
xenoliths  from  the  three  localities  occur  in  kimberlite  dykes  and  cone  sheets  emplaced  into  the 
gneissic  basement  rocks  during  a  relatively  short  time  interval  in  the  late  Proterozoic  (at  ca 
600  Ma;  Larsen,  1991;  Larsen  &  Rex,  1992).  In  addition  to  the  ultramafic  xenoliths,  mineral 
concentrates  have  been  obtained  for  all  of  these  localities. 

Major  element  analyses  for  the  garnet-bearing  ultramafic  xenoliths  from  Sukkertoppen 
and  Sarfartoq  have  been  carried  out  by  electron  microprobe  (EMP).  Major  element  and  trace 
element  analyses  for  garnet  concentrates  from  kimberlite  host  rocks  from  all  three  localities 
have  been  carried  out  by  EMP  and  proton  microprobe  (PMP),  respectively.  The  preliminary 
results  show  that  garnets  with  geochemical  signatures  characteristic  of  Iherzolites  (CaO  4-7 
wt%  and  Cr2C>3  3-14  wt.%)  dominate  in  all  three  areas.  In  the  Sukkertoppen  and  Sarfartoq 
areas  there  are  also  subcalcic  garnets  with  CaO  2-6  wt.%  and  G^Os  3-14  wt.%,  typical  of 
garnets  from  harzburgites.  Low  Ca  (<2  wt.%)  high  Cr  harzburgitic  garnets  (G10)  are  only 
found  in  Sukkertoppen.  Wehrlitic  garnets  from  Sarfartoq  and  Sukkertoppen  contain  CaO  6-8 
wt.%  and  Cr20s  3-6  wt.%. 

Geothermobarometry  has  been  carried  out  based  on  coexisting  clinopyroxene, 
orthopyroxene  and  garnet  in  the  available  xenoliths  using  standard  methods  and  on  garnet 
concentrates  using  die  trace-element  methods  of  Ryan  et  al.  (in  press).  The  garnets  from 
Holsteinsborg  (Proterozoic  mobile  belt)  give  P(Cr)  vs  T(Ni)  values  that  plot  around  850°C  to 
700°C  at  about  30-35kb,  ie  within  the  graphite  ratner  than  the  diamond  stability  field.  The 
data  plot  close  to  a  typical  conductive  40  mW/m2  geotherm.  P-T  calculations  based  on  EMP 
data  from  one  garnet  lherzolite  xenolith  give  slightiy  higher  P-T  conditions  also  near  the  40 
mW/m2  geotherm. 

P-T  data  from  the  Sarfartoq  garnets  (northern  margin  of  the  craton)  show  a  very  wide 
distribution  with  some  differences  between  garnets  from  different  rock  types.  Most  of  the  Ca 
and  low-Ca  harzburgitic  garnets  and  some  of  the  lherzolitic  garnets  from  Sarfartoq  define  a 
cluster  around  850°  C  and  30  kb.  However,  some  lherzolitic,  harzburgitic,  wehrlitic  and  low 
Cr  garnets  scatter  from  900°C  up  to  1300°C.  Most  lie  within  the  graphite  stability  field. 
Geothermobarometry  based  on  EMP  data  from  garnet  lherzolite  xenoliths  indicates  some 
higher  P  and  T  conditions  (1000-1300°C  at  40-60  kb).  All  of  these  preliminary  P-T  data  plot 
near  to  or  just  below  a  conductive  40mW/m2  geotherm. 


179 


At  Sukkertoppen  (well  inside  the  craton)  Ca  harzburgitic  and  lherzolitic  garnets  generally 
give  T  *  10Q0-1300°C,  from  about  30  to  50  kb  with  very  few  in  the  diamond  stability  field. 
The  garnet  concentrates  analysed  so  far  from  Sukkertoppen  also  indicate  a  geotherm  around 
40mW/m2. 

The  three  areas  show  significant  differences  in  the  rock  type  mix.  The  Holsteinsborg 
lithospheric  mande  sampled  is  dominated  by  lherzolites  showing  different  degrees  of 
metasomatic  signature.  The  garnets  range  from  moderately  depleted  with  low  Zr  (15-25 
ppm),  Y  (2-5  ppm),  and  Ti02  (200-500  ppm),  to  highly  enriched  in  Zr  (55-115  ppm)  and 
moderately  enriched  in  Y  (10-30  ppm)  and  Ti02  (<0. 1  wt.%).  The  Sarfartoq  area  has  the 
greatest  variety  of  rock  types.  Lherzolite  occurs  over  the  whole  depth  range  sampled  to  about 
180  km.  Again,  there  is  a  range  of  both  depleted  (shallower)  and  enriched  (deeper) 
lherzolitic  garnets.  There  also  is  a  significant  amount  of  low-Ca  harzburgite  garnets  with 
very  low  contents  of  Zr  (<3  ppm),  Y  (<3  ppm)  and  Ti02  («0.1  wt.%)  at  around  120  km 
and  of  Ca-harzburgite  garnets  between  100  to  200  km.  At  Sukkertoppen ,  lherzolite  is  found 
from  90-200  km.  The  lherzolite  in  this  area  is  moderately  depleted  in  the  upper  part,  with 
garnets  that  contain  6-20  ppm  Zr,  <20  ppm  Y  and  <0.3  wt.%  Ti02.  The  rest  of  the  column 
seems  to  consist  of  fertile,  partly  enriched  lherzolite  with  garnets  that  contain  10-30  ppm  Y, 
up  to  100  ppm  Zr  and  up  to  1.2  wt.%  Ti02.  Ca  harzburgite  appears  to  be  concentrated  at 
about  120-220  km.  The  lower  part  has  relatively  enriched  garnets  with  Y  10-12  ppm,  Zr  30- 
50  ppm  and  Ti02  0.3-0.4wt.%.  Very  rare  low-Ca  harzburgite  also  is  present.  The  garnet 
data  also  indicate  the  occurrence  of  some  wehrlites  very  enriched  in  Y,  Zr  and  Ti. 

The  preliminary  geochemical  and  geothermobarometric  results  thus  reveal  distinct 
differences  in  the  lithospheric  mantle  rock  types  and  their  distribution  with  depth  in  the  three 
areas  studied  from  West  Greenland,  but  a  similarity  in  paleaogeothermal  conditions 
consistent  with  a  conductive  40mW/m2  geotherm. 


References 

Griffin,  W.L.,  Ryan,  C.G.,  Cousens,  D.R.,  Sie,  S.H.  &  Suter,  G.F.  (1990):  Application  of 
the  proton  microprobe  to  diamond  exploration  and  genesis.  Nucl.  Instr.  Methods  B49, 
310-318. 

Larsen,  L.M.  (1991):  Occurrences  of  kimberlite,  lamproite  and  ultramafic  lamprophyres  in 
Greenland.  Open  file  Ser.  Groenlands  Geol.  Unders.  91/2,  36  pp. 

Larsen,  L.M.  &  Rex,  D.C.  (1992):  A  review  of  the  2500  Ma  span  of  alkaline-ultramafic, 
potassic  and  carbonatitic  magmatism  in  West  Greenland.  Lithos  28, 367-402. 

Ryan,  C.G.,  Griffin,  W.L.  &  Pearson,  N.  1995:  Garnet  Geotherms:  Derivation  of  P-T  data 
from  Cr-pyrope  garnets.  Tectonophysics,  submitted 


180 


REACTION  PRODUCTS  OF  CARBONATITE  WITH  ULTRAMAFIC  ROCKS  IN  THE 
CATALAO  I  COMPLEX,  BRAZIL:  POSSIBLE  IMPLICATIONS  FOR  MANTLE 
METASOMATISM 


Gaspar,  J.C.  and  Araujo,  D  P. 

Institute  de  Geociencias,  Universidade  de  Brasilia,  70910-900  Brasilia  DF,  Brazil. 

The  Catalao  I  complex  is  a  semi  circular  intrusive  body  with  very  rare  outcrops.  Drill-hole  cores 
from  different  parts  of  the  intrusion  have  been  studied  (Carvalho,  1974;  Baecker,  1983;  Danni  et 
al.  1991).  The  most  abundant  rock  types  in  the  intrusion  are  phlogopitites,  pyroxenites, 
carbonatites,  and  phoscorites.  All  petrographic  varieties  occur  as  veins  and  dikes  in  a  general 
cross  cutting  relation.  The  evolution  of  the  complex  comprises  initial  intrusion  of  dimites  (and 
clinopyroxenites?)  followed  by  extensive  injection  of  carbonatite  dikes  and  veins.  The  ultramafic 
rocks  were  transformed  into  phlogopitites,  clinopyroxenites  and  orthoclase-bearing 
clinopyroxenites  that  present  a  large  variety  of  grain  sizes- (from  millimeter  to  pegmatitic)  and 
variable  modal  compositon. 

Previous  mineralogical  studies  by  Araujo  and  Gaspar  (1992,  1993)  showed  that  phlogopite, 
clinopyroxene,  calcite,  magnetite,  ilmenite,  orthoclase,  apatite,  arfVedsonite,  and  pyrite  are  the 
most  abundant  phases.  Minor  phases  are  chalcopyrite,  priderite,  pyrochlore,  monazite,  rutile, 
ancylite,  baddeleyite,  zirkelite(?),  and  dalyite.  Other  Zr-  and  Nb-bearing  minerals  and  a  Ni,  Fe 
sulphide  are  under  investigation.  Petrographic  evidence  indicates  that  phlogopite  formation 
extends  for  the  whole  span  of  carbonatite  reactions.  It  may  be  found  included  in  orthoclase 
crystals  in  the  clinopyroxenites  as  well  as  replacing  diopside.  Diopside  and  orthoclase  seem  to  be 
the  earliest  abundant  phases  to  be  formed.  Ti  and  Zr  minerals  are  among  the  latest  phases  formed. 

Araujo  and  Gaspar  (1993)  showed  that  the  Al  content  in  phlogopite  is  extremely  variable,  ranging 
from  2  0  down  to  0.01  a.p.f.u..  Assuming  that  vacant  tetrahedral  site  is  fulfilled  by  Fe3+  the 
complete  solid  solution  from  phlogopite  to  tetraferriphlogopite  end  members  are  present  in 
Catalao  I.  Phlogopite  presents  direct  pieochroism  in  the  range  of  2.0  to  1.75  Al  a.p.f.u.  and 
inverse  from  1.9  to  0.01  Al  a.p.f.u.  There  exist  all  degrees  of  clinopyroxene  substitution  by 
phlogopite.  Clinopyroxene  belongs  to  the  diopside  -  salite  series  with  the  following  highest 
contents:  Ti02=  1.05wt%,  A1203=  1.24wt%  and  Cr203=  0.24wt%.  In  some  rocks  clinopyroxene 
crystals  present  greener  rims  enriched  in  the  aegirine  component.  Magnetite  presents  trellis-type 
ilmenite  lamellae.  Magnetite  contains  up  to  1.83  wt%  Ti02,  0.08wt%  A1203,  0.94wt%  Cr203,  and 
1.66wt%  MgO.  Ilmenite  presents  very  variable  composition  with  MnO  ranging  from  1.04  to  16.6 
wt%,  MgO  from  1.59  to  4.20wt%,  and  Fe203  from  0.0  to  6.69wt%.  Orthoclase  is  common  in  the 
clinopyroxenites  and  is  an  almost  pure  end  member,  Or99_98.5.  Gaspar  et  al.  (1994)  showed  that 
magnetite  is  commonly  replaced  by  pyrite  and  calcite  leaving  the  ilmenite  lamellae  as  relicts  in 
these  later  minerals.  Parts  of  these  ilmenites  are  than  transformed  into  priderite  and  rutile. 
Priderite  may  be  associated  to  ilmenite  and  to  magnetite  and  ilmenite.  The  former  is  similar  in 
composition  to  priderite  from  lamproites  and  the  last  overlap  a  small  portion  of  the  compositional 
range  of  hollandite-group  minerals  found  in  kimberlites. 

The  two  most  striking  features  of  the  complex  are:  1)  multistage  formation  with  many  different 
events  of  carbonatite  intrusion  producing  clinopyroxenites  and  phlogopitites  with  a  large  variation 
in  grain  size,  modal  and  chemical  compositions,  and  2)  the  amount  of  K20  and  H2G  brought  by 


181 


the  carbonatite  intrusion.  Both  are,  however,  typical  of  many  carbonatite  complexes  (e.g. 
Jacupiranga,  Sokli,  Araxa,  etc  ).  Phlogopite  and  orthoclase  are  among  the  most  common  products 
of  carbonatite  reactions.  Phlogopite  may,  as  well,  be  an  abundant  primary  magmatic  phase  (e.g. 
Jacupiranga),  clearly  indicating  that  K  is  undoubtedly  a  very  common  and  even  abundant  element 
in  carbonatite  magmas.  K-richterite  is  also  a  common  phase  in  carbonatite  complexes  (e  g. 
Jacupiranga,  Phaloborwa).  The  K/Na  ratio  in  carbonatite  magmas  is  high.  Sodic  phases  are  usually 
restricted  to  much  less  abundant  arfVedsonite  and  aegirme,  mainly  in  country  fenites.  Sulfides,  Ti 
and  Zr  minerals  seem  to  be  concentrated  in  the  most  evolved  stages  of  the  reaction  as  exemplified 
by  priderite  and  pyrite  (Gaspar  et  al.,  1994).  In  these  stages  the  fluid  phase  is  most  probably  vapor 
dominated. 

What  is  the  role  of  K  and  Na  in  the  composition  of  primary  carbonatite  melts? 

Based  on  the  existence  of  natrocarbonatite  lavas  in  the  Oldoymo  Lengai  volcano  and  the  chemistry 
of  fenitization  Le  Bas  (1987)  concluded  that  primary  carbonatite  melts  are  alkali  rich  and  that  they 
lose  K  and  Na  in  fenitization  reactions.  In  the  experiment  by  Wallace  and  Green  (1988) 
natrocarbonatite  magnesian  melt  coexisted  with  an  amphibole  Iherzolite  in  a  field  ranging  from  21 
to  30  kbar  and  930  to  1080  °C.  The  authors  stated  that  the  K2G  and  P205  are  strongly  partitioned 
into  the  melt  fraction.  The  partition  coefficients  of  Na  and  K  to  the  carbonatite  melt  was  about  the 
same,  but  slightly  higher  for  K.  The  starting  composition  of  the  experiment  contained  10  times 
more  Na2G  than  K20.  Thibault  et  al.  (1992)  obtained  an  alkaline  dolomitic  melt  coexisting  with  a 
garnet-rich  phlogopite  Iherzolite  at  3.0  GPa  and  1 100°C.  The  melt  contained  4.93wt%  Na20  and 
7.01  wt%  K20.  Schauder  and  Navon  (1994)  found  hydrous  fluids  and  carbonatitic  melts  as 
inclusions  in  fibrous  diamonds  from  Jwaneng,  Botswana.  The  carbonatitic  phase  is  an  alkaline 
dolomitic  melt  with  20.7wt%  K20  but  only  2.2wt%  Na20.  The  experiments  and  melt  inclusion  in 
diamonds  agree  with  field  evidence  that  primary  carbonatite  magmas  are  alkaline  rich  with  K  > 
Na. 

Carbonatite  metasomatism  in  the  mantle 

Many  authors  have  suggested  that  carbonatite  fluids  may  play  an  important  role  in  mantle 
metasomatism  (for  a  review  see  Menzies  and  Chazot,  1994).  Experiments  have  demonstrated  that 
interaction  of  carbonatite  melts  with  mantle  peridotites  result  in  the  formation  of  diopside  and 
olivine  (Green  and  Wallace,  1988)  or  diopside  +  olivine  +  phlogopite  (Thibault  et  al.  ,1992),  at  the 
expenses  of  enstatite  by  decarbonation  reactions.  The  last  authors  interacted  their  alkaline 
dolomitic  melt  with  a  spinel  wherlite  and  obtained  olivine  +  phlogopite  +  calcite.  Most  authors 
relate  carbonatite  metasomatism  in  the  mantle  to  enrichment  in  Ca  and  incompatible  elements 
except  Ti  and  Zr  (Menzies  and  Chazot,  1994).  However,  Ti  and  Zr  are  present  in  the  late  stages  of 
reaction  in  the  Catalao  I  complex.  The  direct  implication  of  this  is  that  vapor-rich  phases  evolved 
from  carbonatite  melts  may  cause  Ti  and  Zr  enrichment  in  die  mantle  besides  the  well  accepted 
enrichment  in  TREE,  U,  Th,  P,  Sr,  etc.  Evidence  from  the  Catalao  I  and  other  carbonatite 
complexes,  experimental  works,  and  diamond  fluid  inclusions  shows  that  K  is  very  important  in 
carbonatite  fluids  (melt  and  vapor)  and  should  be  considered  as  one  strong  indicator  of  carbonatite 
influence  in  mantle  metasomatism.  Phlogopite  and  K-richterite  are  candidates  to  be  formed  by 
carbonatite  reaction  in  die  mantle.  Phlogopitite  and  phlogopite-bearing  mantle  xenoliths  should  be 
carefully  examined  as  derived  from  carbonatite  reaction.  A  revaluation  of  die  role  of  carbonatite 
fluids  in  the  mantle  potassic  metasomatism,  usually  considered  as  due  to  silicate  potassic  melts, 
might  show  that  carbonatite  has  a  much  larger  influence  than  now  accepted 
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GEOTECTONIC  CONSIDERATIONS  ON  PRIMARY  DIAMOND  SOURCES  IN  MOBILE  BELTS 
Gonzaga1,  G.M.,  Teixeira2,  N.A.,  Gaspar2,  J.C. 

1.  Diabel  Minera^ao  Ltda,  CLN  316  -  BI.  B  -  Sal  a  222,  70775-520  Brasilia  DF.  Brazil. 

2.  Instituto  de  Geociencias,  Universidade  de  Brasilia,  70910-900  Brasilia  DF.  Brazil. 

“Clifford’s  Rule”  which  states  that  economically  viable  kimberlites  are  restricted  to  cratonic  areas  has  been 
shown  to  be  valid  world-wide  (Janse,  1994).  The  discovery  of  Argyle  has  shown  that  economically  viable 
lamproite  can  occur  in  Early  Proterozoic  mobile  belts.  At  the  same  time  the  minimum  age  of  the  basement 
conducive  to  economically  viable  kimberlite  and  lamproite  intrusion  shifted  from  1500  Ma  (Clifford,  1966) 
to  1800  Ma.  Helmsteadt  and  Gurney  (1994)  emphasized  that  the  economic  viability  of  kimberlites  and 
lamproites  is  related  to  die  preservation  of  Archean  mantle  roots.  Gurney  and  Harris  (1994)  concluded  that 
Clifford’s  Rule  is  valid  because  deep  lithospheric  mantle  is  more  likely  to  be  preserved  underneath  very 
ancient,  i.e.  3.2  Ga  old,  cratonic  areas.  Gonzaga  et  al.,  (1992)  stated  that  the  restriction  of  economically 
viable  kimberlites  and  lamproites  to  specific  geotectonic  environments  and  age  is  the  result  of  global 
evolution  of  the  earth’s  lithosphere.  The  authors  linked  the  occurrence  of  economic  primary  sources  to  the 
thermotectonic  evolution  of  die  area:  kimberlite  or  lamproite  may  be  strongly  mineralized  in  long  lived 
stable  areas  (cratons)  or  in  ensialic  Early  (or  eventually  Middle)  Proterozoic  mobile  belts  that  present  low 
geothermal  gradients. 

High-Grade  Diamond  Mineralization  in  Mobile  Belts 

Examples  of  diamond  mines  in  mobile  belts  are  Venetia  and  River  Ranch  in  the  Limpopo  Belt  and  Argyle 
in  die  Halls  Creek  Belt.  Some  authors  consider  the  Limpopo  Belt  as  a  continental  collision  orogen  (Treolar 
et  al.,  1992)  others  as  an  accretion  belt  (Rollinson,  1993),  but  there  is  evidence  that  the  Limpopo  Belt 
consists  mainly  of  reworked  Archean  crust  (Van  Breemen,  1970).  White  and  Smith  (1994)  showed  that  die 
King  Leopold  and  the  Halls  Creek  belts  (in  which  the  diamondiferous  Ellendale  and  Argyle  lamproites 
occur)  were  subjected  to  a  high  grade  metamoiphic  event  in  die  Barramundi  Orogeny  (1.85  Ga)  and  are 
underlain  by  ancient  peridotitic  lithosphere  of  Archean  or  Early  Proterozoic  age.  These  diamondiferous 
lamproites  thus  fit  into  the  concept  of  an  ancient  cratonic  setting  similar  to  die  distribution  of 
diamondiferous  kimberlites  in  Africa  as  noted  by  Clifford  (1966).  It  can  therefore  be  concluded  that  the 
existence  of  a  lithospheric  keel  of  Archean  age  beneath  a  mobile  belt  determine  the  economic  potential  of 
the  kimberlite  and  lamproite  host  in  it  The  preservation  of  such  keel  depends  on  the  subsequent  geotectonic 
regime  of  the  mobile  belt.  Formation  of  ocean  crust,  collision  and  subduction  zones,  magmatic  island  arcs, 
etc.,  will  cause  a  change  in  the  geothermal  gradients  (Gonzaga  et  al.,  1992),  and  may  result  in  the 
delamination  and  thermal  destruction  of  the  lithosphere  keel  during  the  evolution  of  mountain  belts 

Low-Grade  Diamond  Mineralization  in  Mobile  Belts 

The  genesis  of  diamond  in  cratonic  areas  is  well  constrained.  It  is  generally  accepted  that  high  grade 
diamondiferous  kimberlites  are  restricted  to  stable,  thick,  cool,  and  depleted  lithospheric  keels.  The  rigidity 
and  persistence  of  cratons  are  linked  to  the  presence  of  a  thick  mechanical  boundary  layer  whose  growth 
requires  quiet  conditions,  during  several  hundred  Ma  -  a  necessary  condition  for  large  diamond  formation 
(Pearson  et  al.,  1994).  Constraints  of  oxygen  fugacity,  mantle  metasomatism,  and  preservation  of  diamonds 
will  not  be  discussed  here.  It  is  well  known  that  diamond  occurrences  in  kimberlite  and  lamproite  in 
Proterozoic  mobile  belts  are  characterized  by  low-grade  mineralization.  The  origin  of  diamonds  in  these 
environments,  however,  has  deserved  little  attention.  It  is  proposed  in  this  paper  that  low-grade  diamond 
mineralization  could  result  from  the  following  geotectonic  processes: 

1  -  Partial  preservation  of  cratonic  lithosphere. 

The  mechanism  of  preservation  of  Archean  lithosphere  underneath  mobile  belts  is  exemplified  by  the 
Limpopo  and  Halls  Creek  belts,  which  contain,  however,  high-grade  diamond  mineralization.  It  seems  that 


184 


this  kind  of  evolution  was  restricted  to  Late  Archean  and  Early  Proterozoic.  Smaller  degrees  of  preservation 
may  provide  less  favorable,  but  still  present,  conditions  for  diamond  survival  or  formation  underneath 
mobile  belts  all  over  the  world.  This  would  result  in  smaller  and  variable  abundance  of  diamond  that  can  be 
sampled  by  kimberlite  and  lamproite,  resulting  in  low-grade  mineralization  (e.g.  Rio  Negro-Juruena  Belt, 
Brazil). 

2  -  Subduction  of  oceanic  slabs. 

Diamond  formation  during  subduction  of  oceanic  lithosphere  has  been  proposed  by  several  authors  (e.g. 
Schulz,  1986;  Kesson  and  Ringwood,  1989;  Sobolev  and  Shatsky,  1990).  With  subduction,  portions  of  a 
descending  slab  are  submitted  to  pressure  and  temperature  conditions  compatible  with  die  diamond  stability 
field  (Barron  et  ah,  1994).  The  diamond  occurrences  in  ophiolites  would  represent  obducted  examples  of 
these  slabs  (e.g.  Beni  Busera,  Luobosa  and  Donqiao).  Accordingly,  it  seems  that  the  subduction  would 
allow  widespread  nucleation  of  diamond  crystals,  that  consequently  would  not  grow  large.  These  diamonds 
may  survive  or  not  depending  on  the  characteristics  of  latter  tectonic  processes.  Slab  fragments  with  some 
diamond  can  remain  inside  and  underneath  the  belts  and  be  sampled  by  kimberlite  or  lamproite.  The 
detailed  formation  mechanism  and  the  fate  of  slab-derived  diamonds  remain  questionable. 

3  -  Thermal  erosion  and  local  lithospheric  thickening 

Houseman  et  al.  (1981)  proposed  a  model  for  orogenesis  evolution  in  which  a  convection  cell  in  die 
asthenosphere  causes  erosion  of  the  thermal  boundary  layer.  In  each  side  of  the  cell,  portions  of  the 
lithospheric  mantle  sink  into  die  asthenosphere  originating  temporary  lithosphere  roots.  This  process  allow 
that  in  these  relatively  cool  downwelling  portions  of  mantle,  PT  conditions  be  compatible  to  the  diamond 
stability  field.  We  have  no  direct  evidence,  so  far,  whether  diamond  forms  or  not  in  this  situation. 

4  -  Uplift,  erosion,  lowering  of  geothermal  gradient  and  localized  lithosphere  thickening 

In  a  review  about  the  temperature  distribution  in  the  mantle  and  the  crust,  Jeanloz  and  Morris  (1986) 
developed  a  model  that  relates  variation  of  geothermal  gradients  to  uplift  and  erosion.  This  process 
represents  a  combination  of  heat  conduction  and  advection.  This  combination  results  in  a  very  efficient 
mechanism  of  heat  transfer  from  depth  to  the  surface:  the  conduction  occurs  in  a  part  of  the  crust  that  is 
moving  upwards  -  and  consequently  transporting  heat  from  depth.  The  consequence  is  an  increase  in  the 
surface  heat  flow  and  a  decrease  of  temperature  in  depth.  The  temperature  decrease  is  directly  proportional 
to  the  uplift  velocity.  The  authors  cite  that  uplift  rates  of  0.03-0.5  mm/yr  have  been  recorded  in  many 
localities  and  that  rates  as  high  as  few  millimeters  per  year  are  occasionally  reported.  They  state  that 
corrections  of  up  to  500°C  for  temperature  at  the  base  of  the  crust  may  well  be  required.  Tectonically  raised 
portions  of  the  crust  would  have  lower  geothermal  gradients  than  its  surrounds.  Uplifted  blocks,  horsts, 
domes,  tectonic  arcs,  etc.,  are  candidates  to  present  such  a  feature.  Uplift  is  common  in  rifts,  where 
geothermal  gradients  are  high.  The  intense  magmatism  and  fluid  circulation  associated  to  rift  systems  are 
mainly  responsible  for  the  observed  high  heat  flow  (Morgan,  1983;  Jessop,  1990).  Jessop  (1990,  pg  183) 
states  that  “models  of  lithospheric  thinning  and  uplift  during  the  rift  process  suggest  that  generally  high  heat 
flow  would  not  be  expected  over  young  rifts,  because  of  the  time  required  for  heat  flow  at  the  surface  to 
react  by  conduction  to  temperature  changes  at  the  lithosphere”.  There  is  some  evidence  that  uplifted  areas 
may  posses  heat  flow  similar  or  lower  than  those  in  cratons.  Morgan  (1983)  shows  that,  with  some 
exceptions,  the  broad  domal  or  plateau  uplifts  associated  to  rift  systems  present  low  to  normal  heat  flows.  In 
the  East  African  Rift  System  some  measurements  gave  22-38  mW/m2.  It  is  known  that  portions  of  mobile 
belts  that  are  characterized  by  higher  seismic  frequency  then  their  surroundings  have  very  low  heat  flows. 
One  example  is  the  Joao  Camara  region  in  northeast  Brazil  with  25  mW/m2  (Cameiro  et  al.,  1989).  An 
“island”  of  colder  lithosphere  would  have  different  rheological,  thermodynamic,  and  compositional 
properties.  It  is  possible  to  envisage  that  such  a  portion  of  the  lithosphere,  possibly  undergoing  uplift  as  a 
fault  block,  could  raise  the  upper  boundary  of  the  diamond  stability  field  giving  rise  to  the  nucleation  of 
diamond;  provided  that  carbon,  oxygen  fugacity,  etc.,  are  within  the  necessary  constraints.  Some  examples 
of  kimberlite  and  lamproite  that  contain  low-grade  diamond  mineralization  which  occur  in  uplifted  areas  of 
mobile  belts  include:  Kapamba  lamproites  (Zambia);  Kundelungu  kimberlites  (Zaire);  kimberlites  from  the 
State  Line  District  (USA),  etc. 
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NATIVE  METALS  Cr,  Nr  AND  a-Fe  IN  CRYPTOCRYSTALLINE  DIAMONDS 
(CARBONADO)  FROM  YAKUTIA 

Gorshkov  A.  I  ,  Titkov  S.V.,  Sivtsov  A.V  ,  Bershov  L.V.,  Marfunin  A  S. 

Institution  of  Ore  Deposits,  Petrogaphy,  Mineralogy  and  Geochemistry  of  RAS 
Staromonetny  35,  Moscow,  109017,  Russia. 

Several  native  metals  have  been  found  last  years  in  different  types  of  rocks.  In 
natural  diamond  monocrystals  have  been  established  only  three  native  metals:  a-Fe,  Cu 
and  y-Fe-Ni  (taenite)  [1],  Up  to  now  there  were  no  indication  for  native  metals  in 
carbonado  -  natural  cryptocrystalline  diamond. 

We  found  three  native  metals  :  Cr,  Ni  and  a-Fe  (with  2-3%  Cr)  in  carbonado  from 
Yakutian  kimberlite  deposits.  Two  carbonado  specimens  are  cryptocrystalline  dark-gray 
agregate  5-8  mm  consisting  of  micron  size  microindivids. 

The  metal  inclusions  in  carbonado  have  been  investigated  by  analytic  transmission 
electron  microscope  JEM-1 00C  (JEOL)  equiped  with  goniometer  and  energy-dispersive 
spectrometer  Kevex-5100  by  suspension  method. 

Native  Cr  and  a-Fe  have  been  established  in  the  more  porous  carbonado  spesimen 
only  while  in  the  specimens  without  visible  porosity  Cr,  Ni  and  a-Fe  have  been  found.  Cr  is 
most  abundant,  then  Fe  and  very  rare  Ni.  Selected  area  electron  diffraction  (SAED) 
patterns  and  energy-dispersive  spectra  have  been  obtained  from  each  particle  of  the 
metals. 

The  Cr  characteristic  elementary  cell  with  a0= 2.88  ±0.03  A  and  space  group  Im3m, 
for  a-Fe  a0=2.86  ±0.03  A  (Im3m)  and  for  Ni  a0=3.53  ±0  03  k(Fm3m)  have  been  measured. 

The  native  metals  in  carbonado  can  be  formed  from  magmatic  melts  with 
participation  of  reduction  fluids. 
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PROGRESS  TOWARDS  UNDERSTANDING  THE  KAAPVAAL  LITHOSPHERE:  GEOPHYSICAL 
AND  GEOCHEMICAL  PERSPECTIVES 

Green,  R.W.E.,  Smith,  C.B.,  Jones,  M.Q.W.,  Muller,  M.  and  Viljoen,  K.S. 

Bernard  Price  Institute  of  Geophysics,  University  of  the  Witwatersrand,  Private  Bag  3,  Wits  2050, 
Johannesburg,  South  Africa 

A  major  goal  of  the  earth  sciences  has  been  to  understand  the  structure  and  evolution  of 
continents,  and  in  particular  the  ancient  cratonic  nucleii.  It  is  now  generally  recognized  that  continental 
lithosphere  includes  a  significant  volume  of  mantle  isolated  from  convective  disruption  that  must  migrate 
with  the  rigid  plates.  Continents  have  roots  that  appear  to  have  as  complex  an  evolution  as  the  sialic  crust 
with  which  they  are  linked,  and  Jordon  (1978,  and  a  series  of  other  papers)  formalized  the  concept  of 
compositionally,  mechanically  and  thermally  definable  tectosphere  beneath  continents,  but  the  extent  of 
and  processes  by  which  this  may  have  evolved  remain  controversial  (e.g.  Anderson,  1990;  Pollack,  1986). 

Acquisition  of  geophysical  information  is  of  key  importance  is  deciphering  present-day  craton 
structure.  The  occurrence  of  comparatively  fast  shear-wave  seismic  velocities  for  considerable  thicknesses 
beneath  continents  in  general  and  the  Kaapvaal  in  particular  has  been  known  for  some  time  from 
tomographic  and  inversion  studies  (e.g.  Montagner  and  Tanimoto,  1991;  Zielhuis  and  Nolet,  1994),  but 
detailed  studies  remain  comparatively  few  in  number.  In  one  case,  Safronov  et  al.  (1994)  indicate  that 
Siberian  kimberlites  are  correlated  with  areas  of  higher  than  normal  compressional  sesimic  wave  velocity 
at  Moho  depths.  On  the  Kaapvaal  Craton,  the  Anglo  American  group  hais  supported  teleseismic  studies 
conducted  by  BPI  personnel  over  the  past  few  years,  and  some  of  the  results  of  the  work  are  highlighted  in 
this  contribution.  Determination  of  heat  flow  using  drill  holes  throughout  southern  Africa  has  been  an 
ongoing  project  conducted  by  Jones  and  co-workers  for  several  years.  In  short,  geophysical  evidence  for 
the  existence  of  Kaapvaal  lithosphere  considerably  in  excess  of  circa  200  km  suggested  on  petrological 
grounds  is  growing. 

Electrical  resistivity  data  acquired  nearly  twenty  years  ago  have  been  difficult  to  interpret  using 
‘typical’  mantle  models  (De  Beer,  1976),  and  are  more  easily  reconciled  with  the  presence  of  continental 
lithosphere  thickness  considerably  in  excess  of  200  km. 

Seisimic  information  directed  at  determining  crustal  thickness  collected  prior  to  1988  has  been 
obtained  mainly  from  mine  tremor  observations  on  the  craton,  as  well  as  long  line  refraction  studies  off 
the  Kaapvaal  Craton  in  the  northern  Cape  and  in  Namibia.  This  work  generally  shows  average  Kaapvaal 
crustal  thicknesses  of  32  to  36  km,  and  slightly  greater  off-craton  depths  to  the  Moho  of  about  41  km. 
Relatively  thicker  off-craton,  Proterozoic  mobile  belt  crust  compared  to  Archean  cratons  is  observed 
elsewhere,  as  highlighted  by  Durrheim  and  Moody  (1994). 

A  variety  of  broad-band  teleseismic  results  are  based  on  data  collected  from  an  array  of -eight 
seismic  stations  positioned  from  the  southwest  border  of  the  Kaapvaal  Craton  in  the  Cape  Province  to  the 
vicinity  of  the  Thabazimbi  lineament  in  north-central  Transvaal.  Spectral  ratio  analysis  of  P  and  PKP 
arrivals  are  particularly  sensitive  to  crustal  thickness,  and  generally  confirm  the  depths  to  Moho  obtained 
in  previous  studies.  However,  it  is  clear  that  there  are  significant  variations  in  crustal  thickness  within  the 
craton.  Compared  to  the  craton  average  of  about  35  km,  areas  centered  on  the  Johannesburg  Dome  are 
closer  to  42  km,  and  areas  in  the  western  Transvaal  are  up  to  43  km  in  crustal  thickness.  The 
‘topography’  on  the  base  of  the  crust  is  supportive  of  models  of  craton  formation  involving  amalgamation 
of  sialic  fragments  early  in  the  earth’s  history  such  as  proposed  by  de  Wit  et  al.  (1992). 

Wave  form  inversion  techniques  have  been  used  to  produce  synthetic  seismograms  for 
comparison  with  real  arrival  times.  Using  three  of  the  stations,  Cichowicz  and  Green  (1992)  showed  that 
there  are  significant  variations  in  shear  wave  velocity  within  the  cratonic  lithosphere  to  depths  of  the 
order  of  200  km,  and  that  there  is  a  strong  correlation  between  surface  tectonic  provinces  and  subcrustal 
velocity  variation, 

Delay  time  modeling  based  on  P,  PKP,  S  and  SKS  arrivals  is  in  essence  a  tomographic  technique 
based  on  differences  between  observed  travel  times  at  the  stations  compared  to  standard  travel  times  for 
average  earth  models  for  the  specific  distance  and  depth  of  a  given  seismic  event.  Least  squares  inversion 
techniques  are  used  to  generate  maps  of  velocity  variation  in  three  dimensions.  Results  to  date  appear  to 
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demonstrate  significant  lateral  and  vertical  seismic  structure  within  the  craton,  with  a  comparatively  ‘fast’ 
root  apparently  characteristic  of  the  southwestern  and  northwestern  parts  of  the  craton  in  particular  to 
between  200  and  300  km,  and  perhaps  deeper.  A  seismic  discontinuity  may  be  present  at  about  200  km  in 
places,  but  this  is  not  a  ‘robust’  observation. 

Use  of  P-  to  S-wave  conversions  allows  high  lateral  resolution  and  the  construction  of  a  velocity  - 
depth  profile  that  can  be  compared  with  a  global  average  model  (IASP91  used  here).  This  technique  in 
particular  highlights  the  apparently  unique  character  of  the  KaapVaal  Craton,  as  well  as  an  apparent 
thickness  of  the  order  of  400  km.  S-wave  velocities  ait  anomalousy  fast  relative  to  the  global  average  to 
depths  in  excess  of  380  km,  with  a  significant  low  velocity  zone  at  380  to  420  km  followed  by  a  gradual 
increase  in  normal  mantle  values  by  about  520  km.  The  significance  of  the  low  velocity  zone  is  uncertain, 
but  could  reflect  the  presence  of  a  partial  melt,  a  change  in  fabric  or  a  change  in  composition. 

Studies  of  shear-wave  splitting  (Vinnik  et  al.,  in  press)  indicate  significant  anisotropy 
(presumably  olivine  fabric)  with  a  preferred  NE-SW  orientation  parallel  to  the  direction  of  migration  of 
the  African  plate  during  the  Cretaceous,  and  therefor  possibly  caused  by  resistive  drag  within  the 
lithosphere.  However,  the  depth  and  vertical  extent  of  the  ansiotropy  is  unknown,  possibly  occurring  in 
relatively  thin  zone(s)  or  throughout  the  depth  range  of  100  to  400  km.  Assigning  the  anisotropy  to  the 
LVZ  zone  at  380  km  is  highly  speculative,  and  at  one  station  in  the  western  Transvaal  at  least  part  of  the 
anisotropy  is  a  comparatively  shallow  (less  than  200  km)  azimuthal  dependence  component  associated 
with  the  Thabazimbi  lineament  and  frozen  into  the  upper  mantle. 

Differences  in  heat  flow  between  on-  and  off-craton  environs  has  been  known  for  some  time,  with 
cratonic  values  being  consistently  less  than  60  mw/m2,  and  non-cratonic  areas  being  consistently  greater.* 
Modeling  of  heat  flow  and  heat  production  data  from  the  center  of  the  Kaapvaal  Craton  yields  lithosphere 
temperatures  in  close  agreement  with  geothermal  gradients  inferred  from  kimberlite  xenolith  studies 
(Jones,  1988).  If,  as  is  commonly  assumed,  the  transition  from  conductive  to  convective  heat  transfer 
occurs  at  a  temperature  of  about  1300  degrees  C,  the  ‘thermal’  thickness  of  the  lithosphere  (conductive 
boundary  layer)  is  only  250  km.  While  this  is  further  evidence  that  both  low-  and  high-temperature 
xenoliths  occur  within  stable  lithosphere,  it  is  not  compatible  with  seismic  evidence.  A  thicker 
lithosphere  can  be  accomodated  if  the  transition  between  conductive  and  convective  regimes  is  +/-  200 
degrees  C  higher.  Two  dimensional  modeling  undertaken  by  Ballard  and  Pollack  (1987)  allows 
lithosphere  thickness  of  up  to  400  km,  depending  on  input  parameters,  but  with  lithospheric  temperatures 
essentially  the  same  as  those  of  Jones  (1988).  Pollack  (1986)  proposed  that  higher  transition  temperatures 
could  be  achieved  through  devolatilization  of  the  upper  mantle  during  cratonization  by  elevating  the 
solidus  and  increasing  subsolidus  viscosity  so  that  the  conductive  boundary  layer  thickens  beyond  depths 
through  simple  cooling  or  Fe/Mg  depletion.  A  basal  temperature  of  1600  degrees  would  result  in 
lithosphere  thicknesses  of  350  to  400  km,  and  would  also  permit  partial  melting  at  similar  depths  if 
volatiles  were  reintroduced  from  below. 

The  geophysical  observations  and  implications  are  consistent  with  characteristics  of  xenolith 
suites  in  kimberlites,  and  further  imply  lithospheric  layering.  A  low-temperature,  major-element  depleted 
but  trace  element  enriched  group  of  harzburgitic  rocks  is  generally  believed  to  represent  ancient  cratonic 
lithosphere  of  probable  Archean  age  (e.g.  Richardson'et  al.,  1984).  The  less  depleted,  high-temperature 
peridctite  xenoliths  are  of  probable  deeper  derivation,  and  are  also  likely  to  have  been  isolated  from 
convective  mantle  for  long  periods  of  time  (Walker  et  al.,  1989).  High-temperature  xenoliths,  many  type  I 
eclogites,  and  Cr-poor  megacryst  suites  have  HIMU-like  isotopic  character,  similar  to  the  isotopic 
character  of  the  source  rocks  of  Group  I  kimberlites.  Derivation  of  Group  I  kimberlite  from  depths 
exceeding  300  km  (Edgar  et  al.,  1993;  Ringwood  et  al.,  1992)  implies  deep  lithospheric  origins  for  these 
materials.  Proterozoic  as  opposed  to  Archean  eclogitic  diamond  inclusion  ages  in  addition  to  the 
chemical  differences  implies  formation  of  the  deeper  tectosphere  in  post- Archean  time  by  different 
processes  and  from  different  protoliths  compared  to  the  Archean  components. 

Petrologic,  geochemical,  isotopic  and  geophysical  evidence  is  therefor  consistent  with  the 
existence  of  continental  lithosphere  of  the  order  of  400  km  thick.  Moreover,  a  three-layer  model 
comprising  the  crust,  depleted  peridotite  of  Archean  age  and  a  deeper  regime  consisting  of  a  mixture  of 
less  depleted  oceanic-like  peridotite  and  eclogite  of  probable  Proeterozoic  age  is  required.  While  the 
necessity  for  a  two-layer  mantle  portion  of  the  lithosphere  (Helmstaedt  and  Schulze,  1989;  Kesson  and 
Ringwood,  1989)  that  formed  at  different  times  (Boyd,  1989;  Gurney,  1990)  and  probably  by  different 
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processes  has  been  recognized  in  some  evolution  models,  most  proposed  schemes  address  only  the 
uppermost  depleted  and  older  portion  or  do  not  address  the  apparent  age  and  compositional  distinctions 
between  the  components  (e.g.  Pollack,  1986;  Canil,  1991  and  1992;  de  Wit  et  al.,  1992;  Herzberg,  1993 
and  references  therein). 
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Introduction 

Cathodoluminescence  (CL)  and  more  recently  Fourier  Transform  infrared 
microspectrometry  (FTTR)  allow  examination  of  internal  structure  of  diamond  and  provide 
information  on  nitrogen  content,  hydrogen  content  and  the  thermal  history  of  the  diamond 
(Milledge  and  Mendelssohn,  1988;  Meyer  et  al.,  1994)  however  only  few  correlative  data  have 
been  published  between  the  techniques  (Taylor  et  al.,1995).  To  address  this  and  the  more  general 
question  of  diamond  growth,  the  internal  morphology  of  a  polished  plate  [(1 10)  section]  of  an 
octahedral  macrodiamond  of  unknown  paragenesis  from  the  Mir  Pipe,  Yakutia,  has  been  examined 
in  detail  through  comparison  of  panchromatic  or  conventional  cathodoluminescence  (panCL), 
monochromatic  cathodoluminescence  (monoCL)  and  Fourier  Transform  infrared 
microspectroscopy  (FUR)  data.  This  plate  has  been  previously  studied  by  Beskrovanov  (1992). 

Analytical  techniques 

The  diamond  plate  was  initially  examined  by  conventional  CL  techniques.  The  CL  from 
both  sides  of  the  plate  was  compared.  The  images  are  similar,  indicating  that  the  features  observed 
in  CL  are  essentially  orthogonal  to  the  plate  surfaces  and  coherent  through  the  plate.  FTTR 
measurements  were  then  collected  on  a  200  um  spaced  22  x  22  point  grid  over  the  plate.  These 
data  have  been  reduced  to  yield  nitrogen  concentration  and  hydrogen  peak  area  (at  3107  cm'1)  data 
following  the  methods  described  by  Taylor  et  al.  (1990).  PanCL  images  have  been  recorded  at 
temperatures  from  300  K  to  80  K  using  a  liquid  helium  stage  in  a  scanning  electron  microscope. 

A  range  of  monoCL  spectra  have  been  recorded  at  80  K  from  the  regions  of  the  plate  exhibiting 
variations  in  panCL  and  FUR  characteristics. 

Results 

Three  main  regions  are  defined  by  the  panCL  and  FUR  data  (figure  1).  Within  these 
regions  additional  fine  zones  or  complex  structures  can  be  identified.  'Hie  central  region,  -300  um 
across,  is  crystailographically  complex.  It  consists  of  a  zonally  sectorial  structure  comprised  of 
octahedral  zones  of  blue  luminescence  and  cubic  sectors  (lobes)  of  blue-green  luminescence,  the 
latter  visible  as  a  skeletal  central  cross.  This  complex  structure  would  appear  to  represent  an  initial 
cubo-octahedral  growth  form.  In  the  growth  centre  of  the  diamond  is  a  small  black  inclusion, 
possibly  graphite.  The  central  region  is  overgrown  by  a  300  um  thick  region  which  shows  a  very 
low  panCL  intensity.  The  outermost  region  of  800  um  thickness  is  composed  of  50-100  um  wide 
octahedral  layers,  which  exhibit  alternating  high  and  low  panCL  intensity. 

The  FTIR  data  matches  closely  the  pattern  of  panCL  intensity  variation.  The  central  region 
is  uniformly  high  in  nitrogen  (-600  atomic  ppm)  and  is  fully  aggregated  (pure  type  IaB  diamond). 
The  lobes  of  the  central  cross  have  a  lower  nitrogen  content  (-400  atomic  ppm)  relative  to  the 
surrounding  octahedral  zones.  Generally  platelets  are  absent  or  are  low  in  concentration  and 
restricted  to  the  lobes.  The  small  zone  surrounding  the  growth  centre  has  the  highest  nitrogen 
content  at  -900  atomic  ppm.  Nitrogen  aggregation  is  uniformly  complete  (type  IaB)  across  all 
sectorial  structures  in  the  central  region.  The  intermediate  region  contains  low  nitrogen  levels 
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(<100  atomic  ppm),  is  variably  aggregated,  and  may  consist  of  a  fine  intergrowth  type  I  and  type 
II  diamond.  The  rim  contains  moderate  nitrogen  concentrations  (-200  atomic  ppm)  and  is 
predominantly  unaggregated  (type  IaA). 

Hydrogen  distribution  follows  the  general  pattern  of  nitrogen  concentration,  being  highest  in  the 
central  region  of  the  diamond  and  lowest  in  the  rim  region.  In  detail,  however,  it  exhibits  a 
bimodal  relationship  with  the  concentration  of  nitrogen  present  in  the  type  B  defect  site.  One  group 
of  hydrogen  data ,  within  the  normalised  range  1.5  to  2.25,  is  insensitive  to  nitrogen  variation 
over  a  range  of  200-700  atomic  ppm.  These  data  all  lie  within  the  outer  zone  of  the  central  region 
of  the  diamond  and  are  insensitive  to  the  sectorial  nature.  The  remaining  hydrogen  data  is  linearly 
correlated  with  the  *B'  nitrogen  concentration  and  the  data  points  lie  with  the  central  core  and  the 
outer  regions  of  the  diamond.  These  relationships  define  three  zones  within  the  plate  which 
correlate  with  the  CL  and  nitrogen  distribution  data. 

The  fine  structure  resolved  by  panCL,  however,  in  not  resolved  by  FUR.  FTIR  cannot  resolve 
structures  finer  than  ~240  um  laterally  in  contrast  to  the  panCL  emission  which  may  resolve 
structures  as  fine  as  1.5  um  (for  a  10  keV  electron  beam  energy).  This  is  evident  in  a  plot  of 
absorbance  values  at  1313  cm-1  and  1282  cm-1,  the  mixed  FTIR  data  lying  between  the  1:1  and 
1:2  correlation  lines..  PanCL  intensity  does  not  correlate  with  nitrogen  concentration  at  room 
temperature.  With  cooling  to  80  K  the  CL  image  contrast  changes  significantly  and  a  broad  peak 
appears  at  -575  nm  in  the  CL  spectra.  Preliminary  spectral  data  show  a  direct  correlation  of  this 
-575  nm  peak  intensity  with  the  measured  nitrogen  concentration 

Discussion 

The  CL  and  FTIR  data  are  consistent  although  the  contrast  mechanisms  involved  in  CL  are 
complex  and  not  simply  related  to  nitrogen  and  hydrogen  abundance  or  state  of  aggregation.  The 
higher  spatial  resolution  of  the  CL  provides  finer  scale  structural  detail  which  should  be  considered 
in  conjunction  with  the  FITR  data.  FTIR  data  from  uncut  stones  must  be  treated  with  caution  but 
can  be  internally  checked  for  coherence. 

The  aggregation  states,  hydrogen  and  nitrogen  data  across  the  plate  indicate  that  the 
diamond  grew  in  at  least  three  distinct  episodes.  The  fully  aggregated  central  region  represents  the 
first  stage  of  growth,  this  was  fqHowed  by  a  period  of  mantle  residence  at  >1200°  C  in  which  all 
A  nitrogen  was  converted  to  the  B  form.  At  a  later  time  the  middle  and  rim  regions  overgrew  the 
core  (second  and  the  third  growth  stages  respectively).  During  growth,  the  diamond  habit  evolved 
as  follows:  Cubo-octahedron  (zonally-sectorial)  -  cubo-octahedron  (zonal)  -  octahedron.  The 
panCL  images  show  the  distinctive  transition  from  a  normal  (continuous)  mechanism  of  growth  in 
cubic  sectors  to  a  mixed  and  then  finally  to  a  tangential  (layer  by  layer)  mechanism  of  growth. 

The  nitrogen  concentration  data  exhibit  variations  that  reflect  both  growth  events  and 
crystallographic  influence.  Aggregation  state  and  hydrogen  abundance  appear  insensitive  to 
crystallography  and  reflect  growth  and  residence  histories.  This  diamond  grew  initially  under 
conditions  of  relatively  high  nitrogen  and  hydrogen  abundances  which  progressively  changed, 
through  either  partitioning  effects  in  a  closed  system  or  environmental  changes  in  an  open  system, 
to  a  lower  level  A  subsequent  and  discrete  growth  stage  produced  the  variable,  low  nitrogen 
overgrowth. 
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Figure  1:  Panchromatic  CL  image  by  SEM  of  plate  1 137.  Scale  bar  is  1  mm.  The 

sectorial  lobes  of  the  central  cubo-octahedral  growth  are  distinct.  Fine  layering 
is  evident  in  the  outer  octahedral  zone 
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Trace-  and  major-element  analyses  of  garnets  and  chromites  from  kimberlites  and  other 
volcanic  rocks  can  be  used  to  study  the  thermal  and  compositional  structure  of  lithospheric 
mantle  in  space  and  time  (Griffin  and  Ryan,  1995).  Because  concentrates  have  a  very  high 
information  content,  and  are  easier  to  obtain  and  faster  and  cheaper  to  study  than  appropriate 
xenolith  suites,  this  type  of  lithospheric  mapping  can  be  done  on  a  large  scale,  making  it 
especially  suitable  for  integration  with  regional  geophysical  data. 

We  have  carried  out  an  extensive  study  of  concentrates  from  Paleozoic  (340-390  Ma) 
kimberlites  in  the  Daldyn  field  of  the  Siberian  platform.  Major  elements  have  been  determined 
by  EMP,  and  trace  elements  by  proton  microprobe,  for  >800  garnets  and  ca  100  chromites. 
These  data  have  been  used  to  determine  the  thermal  state  and  the  compositional  structure  of  the 
lithosphere  beneath  this  important  diamond  province. 

The  Garnet  Geotherm  (Ryan  et  al.,  1995;  this  conference)  lies  near  a  35  mW/m2 
conductive  model  up  to  T>1100°C,  in  agreement  with  some  xenolith  data  (Pokhilenko  et  al., 
1991;  Griffin  et  al.  1995).  The  geotherm  apparently  is  kinked  or  stepped  near  1200°C  (Boyd, 
1984),  and  this  T  coincides  with  the  disappearance  of  depleted  garnets  and  the  appearance  of  a 
pronounced  "asthenospheric"  signature  typical  of  high-T  sheared  peridotite  xenoliths.  This 
chemical  and  thermal  discontinuity  lies  near  210  km  depth,  and  coincides  with  the  seismically 
determined  Lehman  Discontinuity  in  this  area;  this  depth  therefore  is  interpreted  as  the  base  of 
the  lithosphere.  The  coincidence  of  the  Paleozoic  lithosphere-asthenosphere  boundary  with  the 
present-day  seismic  boundary  suggests  that  the  lower  lithosphere  has  changed  little  between  the 
Paleozoic  and  the  present. 

The  Nickel  Temperature  (TnO  of  each  garnet  and  the  Zinc  Temperature  (Tzn)  of  each 
chromite  can  be  referred  to  the  Garnet  Geotherm  to  place  the  grains  into  a  stratigraphic  context 
(Ryan  et  al.,  1995;  this  volume).  Their  parent  rock  types  can  be  determined  by  comparison  of 
their  chemistry  with  that  of  the  corresponding  minerals  in  xenoliths.  Similarly,  the  action  of 
diffc.wx^  iy  of  metasomatic  fluids  on  the  original  rocks  can  be  recognised  by  specific  trace- 
element  "fingerprints",  and  these  processes  also  may  be  assigned  to  specific  depth  ranges. 

Beneath  the  Daldyn  field,  harzburgites  (including  the  "megacrystalline  dunites")  are 
concentrated  in  the  depth  range  140-190  km,  making  up  30-60%  of  the  peridotitic  rock  types 
(assuming  all  lithologies  contribute  similar  amounts  of  garnet).  This  harzburgite-rich  zone  is 
underlain  by  depleted  lherzolites,  and  then  by  Iherzolites  with  "asthenospheric"  chemical 
signatures  (reduced  Cr  vand  Mg,  elevated  Ti,  Zr,  Y  and  Ga). 

Similar  data  from  the  main  pipes  of  the  Alakit  field  and  from  the  Malo-Botuobiya  field 
indicate  geotherms  of  <35  mW/m2.  Both  the  lithosphere  and  the  harzburgite  zone  may  be 
somewhat  thinner  in  these  areas  (lithosphere-asthenosphere  boundary  at  ca  200  km  and  180 
km,  respectively).  In  the  Malo-Botuobiya  region,  available  evidence  suggests  that  the 
lherzolitic  portion  of  the  lithospheric  mantle  is  unusually  depleted;  despite  this,  harzburgites  are 
less  abundant,  and  less  strongly  stratified. 
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Data  from  several  Devonian  kimberlite  fields  along  a  north-south  traverse  from  Mimy  to 
the  lower  Olenek  River  indicate  that  both  the  geotherm  and  the  base  of  the  lithosphere  rise 
northward  from  the  Daldyn  area,  with  the  lithosphere  thinning  to  ca  120  km  in  the  lower  Olenek 
region.  The  base  of  the  harzburgite-rich  layer  also  rises,  while  the  top  stays  near  140  km,  and 
this  layer  apparently  pinches  out  in  the  region  of  the  upper  Olenek  River.  Depleted  lherzolites 
also  are  much  less  common  in  the  northern  part  of  the  Platform.  The  lithosphere  beneath  the 
northern  areas  is  more  typical  of  Proterozoic  areas  (Protons)  than  of  Archean  cratonic  mantle, 
although  this  area  is  shown  as  an  Archon  on  some  compilations.  The  northward  thinning  and 
compositional  variation  of  the  lithosphere  is  defined  by  lamberlites  with  ages  in  the  350-450  Ma 
age  range,  extending  into  the  Middle  Olenek  region,  and  appears  to  rpresent  a  synchronous 
lateral  variation.  However,  the  northernmost  kimberlites  sampled  in  this  study  (in  the  Kuoika 
field)  are  Jurassic-Cretaceous  in  age,  and  the  still  higher  geotherm  and  much  thinner  lithosphere 
in  this  area  may  reflect  post-Paleozoic  processes,  perhaps  related  to  the  opening  of  the  Arctic 
Ocean.  If  this  is  the  case,  then  older  kimberlites  in  this  area  may  reflect  a  thicker  lithosphere. 
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Ilmenite  megacryst  suites  from  20  kimberlites  in  southern  Africa  have  been  analyzed  for 
trace  elements  (Ni,  Zn,  Cu,  Ga,  Nb  ,Ta ,  Zr,  Hf)  using  the  proton  microprobe;  major  and  minor 
elements  have  been  analyzed  by  electron  probe.  These  data,  combined  with  those  from  other 
suites  (Moore  et  al.  1992;  Griffin  et  al.  1991,  1994),  show  that  ilmenite  macrocrysts  in 
kimberlites  represent  a  minor  phase,  crystallizing  late  in  the  fractionation  history  of  mafic 
magmas  at  mantle  depths. 

Nb  typically  behaves  as  an  incompatible  element  in  the  magma  throughout  the 
crystallization  history,  and  the  Nb  content  of  ilmenite  serves  as  an  index  of  the  degree  of 
fractional  crystallization.  Observations  on  the  chemistry  of  ilmenites  intergrown  with  other 
megacryst  phases  (Moore  et  al.  1992;  Griffin  et  al.  1991)  allow  interpretation  of  the  changing 
composition  of  the  ilmenite  in  terms  of  crystallisation  history.  Plots  of  other  trace-  and  major 
elements  in  the  ilmenites  against  their  Nb  content  typically  define  smooth  curves,  with  breaks  in 
slope  corresponding  to  changes  in  the  assemblage  of  minerals  crystallizing  together  with 
ilmenite.  For  example,  Ni  decreases  with  increasing  Nb  when  ilmenite  crystallises  together 
with  mafic  silicates  such  as  olivine,  pyroxenes  and  garnet,  but  increases  together  with  Nb  when 
the  coexisting  phases  are  low  in  Ni  (phlogopite,  zircon).  Coprecipitation  of  ilmenite  with  zircon 
leads  to  buffering  of  the  Zr  content  of  ilmenite  at  a  near-constant  value  as  Nb  increases.  The 
onset  of  phlogopite  crystallisation  leads  to  a  decrease  in  the  Ga  content  of  the  coexisting 
ilmenite.  Relations  between  major-  and  trace  elements,  previously  regarded  as  evidence  against 
a  fractional-crystallization  origin  for  the  ilmenites,  are  shown  to  be  consistent  with  such  an 
origin. 


Ilmenite  suites  from  different  kimberlites  show  broadly  similar  crystallization  histories, 
but  differ  in  detail.  In  general  the  sequence  of  phases  crystallising  together  with  ilmenite  is: 
Px+Gar  ±  Mg-Oliv  ‘  Phlog  ±Zirc  *  Zirc  ±  Fe-oliv  ±Phlog.  Two  groups  of  kimberlites  may 
be  defined,  on  the  basis  of  the  maximum  Zr  content  of  ilmenite  reached  during  fractionation. 
One  group,  defined  by  essentially  constant  Zr  (ca  500-700  ppm)  with  increasing  Nb  (to  >1%), 
is  geographically  restricted  to  the  Kimberley  area  and  Uintjiesberg,  and  this  trend  is  similar  to 
those  seen  in  ilmenites  from  peridotite  xenoliths.  All  other  suites  show  a  positive  correlation 
between  Zr  and  Nb  through  most  of  the  fractionation  sequence,  and  the  ilmenites  in  each 
kimberlite  appear  to  have  crystallized  from  a  single  batch  of  magma.  These  magmas  were 
broadly  similar,  and  modelling  based  on  limited  relevant  distribution-coefficient  data  suggests 
that  they  were  alkali-picritic  in  composition.  Small  differences  in  initial  magma  composition 
have  been  magnified  by  extreme  fractional  crystallization,  to  produce  the  distinctive  characters 
of  ilmenite  suites  from  individual  kimberlites.  These  observations  suggest  a  genetic  relation 
between  the  megacryst  magma  and  the  host  kimberlite  in  each  pipe,  but  the  nature  of  this 
relation  is  not  clear. 

In  general  the  Hem  content  of  ilmenites  increases  with  increasing  Nb  content.  Ilmenite 
suites  from  most  significantly  diamondiferous  kimberlites  have  <10%  Hem  on  average;  weakly 
diamondiferous  kimberlites  may  have  either  low  or  high  average  Hem.  Barren  pipes  on-craton 
generally  contain  high-Hem  ilmenite  suites,  while  those  off-craton  may  contain  low-Hem 
ilmenites.  Ilmenite  suites  from  significantly  diamondiferous  pipes  tend  to  be  dominated  by 
high-Mg,  Cr  ilmenites,  while  poorly  diamondiferous  on-craton  kimberlites  typically  have  lower- 
Mg  chromites  with  either  low  or  high  Cr.  Barren  pipes  in  off-craton  situations  show  a  full 
range  of  ilmenite  patterns,  including  some  with  very  high  Mg  and  Cr. 
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Because  the  trace-element  patterns  of  ilmenites  from  different  kimberlites  are  commonly 
distinctive,  even  within  small  areas,  they  may  be  used  to  characterize  the  sources  of  ilmenites 
found  in  loam  and  drainage  samples,  to  recognise  the  local  vs  distant  distribution  of  the  sources, 
and  to  conduct  inventories  of  individual  drainages  during  diamond  exploration. 
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Introduction 

Kimberlitic  rocks  were  first  discovered  in  Finland  in  1965  by  Malmikaivos  OY  when  a 
magnetic  anomaly  was  drilled  during  base  metal  exploration.  Two  further  occurrences  were 
located  in  1983  and  1985.  Joint  venture  diamond  exploration  with  Ashton  Mining  Ltd,  since 
1986,  has  led  to  the  current  knowledge  of  twenty-two  kimberlitic  bodies  located  in  four  separate 
areas  of  northern  Finland.  A  diamondiferous  eclogite  xenolith  (SE1-4)  was  recovered  during 
sampling  to  assess  the  diamond  content  of  one  of  die  kimberlites. 

This  paper  presents  preliminary  data  on  the  host  kimberlite  and  the  first  data  on  a 
diamondiferous  eclogite  xenolith  from  this  region. 

Geological  setting  and  field  occurrence 

The  pipe  is  located  within  a  cluster  of  pipes  on  the  southern  margin  of  the  Archaean  era  ton, 
a  zone  of  juxtaposed  lower  Proterozoic  and  Archaean  rocks,  near  the  northern  Finnish  border.  The 
age  of  the  older  unit  varies  from  2.6  to  2.9  Ga  while  the  lower  Proterozoic  metamorphics  and 
granitoids  represent  the  northern  limit  of  the  Svecokarehan  domain,  dated  in  the  range  1.8  to  2.0 
Ga. 


There  are  eleven  kimberlitic  bodies  known  from  this  field  which  extends  over  an  area  of 
approximately  thirty  by  fifteen  kilometres.  The  bodies  are  typically  ovoid  to  elongate  pipes,  one  to 
two  hectares  in  area,  but  irregular  dyke  and  sill-like  occurrences  are  also  present  The  preservation 
of  crater  facies  sediments  over  some  pipes  is  evidence  of  only  a  small  amount  of  erosion  since 
kimberlite  emplacement  The  pipe  is  composed  of  relatively  homogeneous  tuffisitic  kimberlite 
breccia  with  no  evidence  of  multiple  phases.  Other  pipes  in  the  cluster  contain  more  than  one 
tufficitic  phase  and  a  magmatic  phase  is  often  also  present  Whole  rock  ages  from  nearby  pipes 
suggest  an  emplacement  age  around  450  -  600  my. 

Pipe  petrography  and  mineralogy 

The  pipe  is  composed  of  relatively  homogeneous  tuffisitic  kimberlite  breccia .  It  has  a 
fragmental  texture  with  abundant  country  rock  xenoliths,  xenocrysts,  rounded  olivine  and 
phlogopite  phenocrysts  and  small  lapilli  set  in  a  fine-grained  matrix.  Serpentine  replaces  all  olivine 
and  with  minor  calcite  dominates  the  groundmass.  Fine  sphene  and  diopside  grains  are  present 
through  the  matrix  and  sphene/rutile  intergrowths  rim  picro-ilmenite  macrocry sts  (?xenocrysts). 
Perovskite  is  absent  in  the  sections  examined  Mantle  xenocrysts  present  include  picro-ilmenite 
and  chromian,  sub-calcic  pyrope  (G9:  Dawson  and  Stephens,  1975).  In  heavy  mineral 
concentrates  (HMC)  the  mantle  component  is  dominated  by  picro-ilmenite  (56%)  and  garnet 
(24%),  with  lesser  Chromian  diopside  (20%)  and  rare  chromian  spinel.  The  garnet  fraction  is 
dominated  (75%)  by  pyrope  of  eclogitic  affinity.  Some  country  rocks  are  chromium  rich  and 
provide  a  component  of  the  chromian  diopside  in  the  HMC.  Amphibolite  facies  country  rock 
xenoliths  and  their  disaggregated  amphibole  (hornblende  and  gedrite),  biotite,  apatite  and  K- 
feldspar  grains  are  abundant 
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Xenolith  petrography  and  mineral  chemistry 

A  suite  of  five  coarse  grained  eclogitic  xenoliths,  including  one  diamondiferous  xenolith, 
have  been  examined.  One  xenolith  is  an  ilmenite-cpx  assemblage,  the  remainder  are  cpx-gnt 
bimineralic  eclogites.  Each  of  the  xenoliths  has  distinctive  mineral  chemistry  (table  1).  Phlogopite, 
?serpentine,  barite,and  trace  Cu,Fe  sulphide  are  present  as  minor  phases  along  grain  boundaries 
and  as  inclusions.  The  diamond-bearing  xenolith  contains  abundant  Fe  sulphide.  All  specimens 
have  undergone  minor  alteration/metasomatism  with  veins  of  quartz,  and  minor  jadeite,sphene, 
partial  coronas  of  rutile  on  the  ilmenite,  ?serpentine,  Cu-Fe  and  Ni-Fe  sulphides  in  the  ilmenite-cpx 
xenolith. 

Eclogitic  diamond  characteristics 

The  diamondiferous  eclogite  sample  is  small  (35x35x15  mms)  yet  has  sixteen,  1-4  mm 
sized  diamonds  projecting  from  its  surface.  The  diamonds  appear  evenly  distributed  throughout 
the  eclogite,  present  at  the  cpx-gnt  grain  boundaries  and  usually  in  association  with  Fe  sulphide 
(figure  1).  A  polished  section  has  been  made  through  the  centre  of  the  xenolith  and  a  further  four 
diamonds  are  exposed,  ranging  from  0.1  to  1.5  mm  in  maximum  dimension.  In  this  polished 
section,  diamond  is  0.88%  of  the  surface  area  which  represents,  assuming  uniform  diamond 
distribution,  a  carbon  (as  diamond)  content  of  approximately  1.6  wt%,or  approximately  80,000 
carats  per  ton. 

Two  forms  of  diamond  are  present  in  the  eclogite.  Eighteen  diamonds  are  octahedra,  either 
as  single  crystals  or  aggregates.  Faces  are  commonly  stepped  and/or  contain  occasional  large, 
shallow  trigonal  pits.  Crystal  edges  appear  sharp  and  overall  the  diamonds  appear  to  be  relatively 
unresorbed.  In  situ  they  appear  colourless  and  massive  with  only  occasional  internal  fractures  or 
inclusions.  The  second  form  of  diamond  is  ovoid  aggregates  of  polycrystalline  diamond  up  to 
2mm  in  length.  The  outer  surfaces  of  these  aggregates  are  composed  of  minute  complex  octahedral 
terminations,  varying  from  finely  stepped  to  sharp-edged  faces.  Cathodoluminescence  and 
secondary  electron  images  of  the  diamonds  in  the  polished  section  show  a  predominance  of  regular 
octahedral  growth  overprinted  by  cross-hatched  deformation  induced  lamellae.  The  exposed 
diamonds  are  fractured;  some  fractures  are  filled  by  Fe  sulphide.  The  same  sulphide  is  present  as 
inclusions  in  two  of  the  diamonds  and  also  within  the  garnet 

Discussion 

The  host  pipe  most  closely  resembles  a  group  I  kimberlite  (Smith  et  al.,  1985;  Mitchell, 
1994)  on  the  available  petrographic  and  mineralogical  data.  The  absence  of  perovskite  and 
presence  of  groundmass  diopside  is  considered  to  reflect  contamination  by  digestion  of  country 
rock. 


The  presence  of  the  mantle  eclogite  xenoliths  and  other  xenocrysts,  including  the  diamond 
content,  indicate  that  this  pipe  has  sampled  a  deepr  mantle  region  comparable  to  that  known  from 
other  diamond  provinces,  e.g.  South  Africa  (Hatton  and  Gurney,  1985)  and  Yakutia 
(Z.V.Spetsius,  pers.comm.) 

The  presence  of  similar  inclusions  in  the  diamonds  and  garnet  of  the  diamondiferous 
eclogite  xenolith  may  suggest  contemporaneous  growth  of  diamond  and  garnet  The  intimate 
association  of  diamond  and  Fe  sulphide  in  this  eclogite  support  suggestions  that  sulphur  has  an 
important  role  in  eclogitic  diamond  formation  (Bulanova  and  Spetsius,  1991). 

Acknowledgements 

The  authors  gratefully  acknowledge  Ashton  Mining  Ltd  and  Malmikaivos  OY  for  access  to 
samples  and  exploration  data  and  for  permission  to  publish. 


199 


References 

Bulanova,  G.  P.  and  Spetsius,  Z.V.  (1991).  Paragenesis  and  peculiarities  of  sulphides  in 
diamonds  and  mantle  xenoliths  from  kimberlites.  Geolological  Society  of  Australia  Abstracts 
Series,  16,  374-5. 

Dawson,  J.B.  and  Stephens,  W.E.  (1975).  Statistical  classification  of  garnets  from  kimberlite  and 
associated  xenoliths.  Journal  of  Petrology,  83, 589-607. 

Hatton,  CJ.  and  Gurney,  J.J.  (1985)  Roberts  Victor  eclogites  and  their  relationship  to  the  mantle. 
In  P.H.  Nixon,  Ed.,  Mantle  Xenoliths,  453-463,  Wiley,  Chicester. 

Mitchell,  R.H.  (1994)  Suggestions  for  revisions  to  the  terminology  of  kimberlites  and 
lamphrophyres  from  a  genetic  viewpoint  In  Meyer  H.O.A.  and  Leonardos  O.H.  (eds) 
Diamonds:  characterisation,  genesis  and  exploration.  Volume  2.  CPRM  Special  Publication  IB 
Jan/94,  15-25. 

Smith,  C.B.,  Gurney,  J.J.,  Skinner,  E.M.W.,  Clement,  C.R.  and  Ebrahim,  N.  (1985) 

Geochemical  character  of  southern  African  kimberlites:  a  new  approach  based  upon  isotopic 
constraints.  Transactions  of  the  Geological  Society  of  South  Africa,  88, 267-80. 

Ware,  N.G.  (1981)  Computer  programs  and  calibration  with  the  PIBS  technique  for  quantitative 
electron  probe  analysis  using  a  lithium-drifted  silicon  detector.  Computers  in  Geoscience,  7, 
167-84. 

Table  1:  Representative  eclogite  xenolith  mineral  compositions* 


SE1-1  SE1-2  SE1-3  SE1-4 

(diamondiferous) 


cpx 

gnt 

cpx 

gnt 

cpx 

ilm 

cpx 

gnt 

Si02 

55.03 

42.32 

54.62 

42.00 

55.10 

55.04 

41.23 

Ti02 

0.15 

n.d. 

n.d. 

n.d. 

n.d. 

53.74 

n.d. 

0.42 

AI2Q3 

5.71 

23.48 

5.61 

22.82 

2.05 

0.76 

4.82 

21.98 

Cr203 

0.24 

0.24 

0.22 

0.59 

0.53 

1.34 

n.d. 

0.00 

FaO 

3.09 

9.28 

3.40 

8.31 

3.74 

31.01 

5.97 

14.35 

NO 

n.d. 

MnO 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

0.24 

n.d. 

0.32 

MgO 

14.78 

19.13 

14.22 

16.23 

16.31 

12.71 

14.77 

16.61 

GaO 

17.01 

5.57 

18.35 

10.35 

20.30 

n.d. 

15.42 

4.62 

Na20 

3.62 

0.08 

3.01 

0.11 

1.94 

n.d. 

3.52 

0.13 

Total 

99.63 

100.02 

99.43 

100.30 

99.97 

99.80 

99.54 

99.76 

Mg  no 

96.28 

79.18 

91.01 

79.10 

94.12 

42.87 

88.52 

69.69 

%pyrope 

67.92 

58.05 

60.79 

%almandine 

17.86 

15.34 

26.44 

*  all  analyses  by  EDS  following  the  methods  of  Ware  (1981)  except  the  Na20  in  garnet  was 
analysed  by  conventional  WDS. 

n.d.=  not  detected:  Ti02  <  0.12  wt%,  NiO  <  0.2  wt%,  MnO  <  0.14  wt% 
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TRACE  ELEMENTS  IN  INDICATOR  MINERALS:  AREA  SELECTION  AND  TARGET 
EVALUATION  IN  DIAMOND  EXPLORATION 


Griffin,  W.L.,  Ryan,  C.G. 

CSIRO  Div.  of  Exploration  and  Mining,  Box  136,  North  Ryde,  NSW  2113,  Australia 

Early  recognition  and  rejection  of  uneconomic  prospects  is  essential  to  an  economically 
rational  diamond  exploration  program.  Some  powerful  new  techniques  for  prospect  evaluation 
have  been  developed  by  the  CSIRO,  based  on  the  trace-element  capabilities  of  the  proton 
microprobe  (Griffin  and  Ryan,  1995).  On  the  larger  scale,  these  techniques  also  can  contribute 
to  the  process  of  area  selection. 

The  nickel  content  of  chrome-pyrope  garnet  equilibrated  with  mantle  olivine  increases 
with  temperature;  because  the  Ni  content  of  mantle  olivine  is  large  and  relatively  constant 
(2900±360  ppm),  the  Ni  content  of  the  garnet  gives  a  temperature  estimate  without  prior 
knowledge  of  the  coexisting  olivine's  composition.  This  "Ni  thermometer"  can  be  used  to 
measure  the  distribution  of  equilibration  temperatures '  (TnD  in  garnet  concentrates  from 
exploration  targets  such  as  kimberlites  and  lamproites.  A  "Cr  barometer",  based  on  the 
partitioning  of  Cr  between  garnet  and  orthopyroxene  in  equilibrium  with  chromite,  gives  a 
minimum  estimate  of  pressure  (Pqt )  for  each  grain. 

By  combining  T>ji  and  Pcr,  the  position  of  the  local  paleogeotherm  (the  "Garnet 
Geotherm")  can  be  derived  from  garnet  ±  chromite  concentrates  (see  Ryan  et  al.,  1995,  and  this 
volume),  and  the  depth  of  origin  of  each  garnet  grain  can  be  determined  by  referral  of  its  T>ji  to 
the  derived  geotherm.  For  our  purposes,  the  lithosphere  is  defined  as  the  depth  to  which 
depleted  (Y<  10  ppm)  garnets  are  found.  The  depth  to  the  base  of  this  chemically-defined 
lithosphere  can  be  derived  from  plots  of  Y  content  vs.  TNi,  and  where  xenolith  data  are 
available,  this  depth  is  seen  to  correspond  to  the  "kink"  or  "step"  in  xenolith  P-T  estimates. 
This  depth  therefore  is  regarded  as  the  point  where  conduction  is  no  longer  the  dominant 
mechanism  of  heat  transfer,  and  suggests  that  the  chemical  and  thermal  definitions  of  the 
lithosphere  are  roughly  coindident  beneath  many  cratonic  areas. 

Assuming  that  most  macrodiamonds  are  derived  from  the  lithosphere,  the  "Diamond 
Window"  is  defined  as  the  range  of  Tnj  between  the  intersection  of  the  geotherm  with  the 
diamond-graphite  equilibrium  curve  and  the  base  of  the  lithosphere.  Diamond-rich  pipes 
contain  a  large  proportion  of  garnets  with  T^  in  the  diamond  window,  while  diamond-poor 
pipes  typically  contain  a  high  proportion  of  garnets  with  lower  Tm,  reflecting  greater  sampling 
of  mantle  within  the  graphite  field.  Many  weakly  diamondiferous  and  barren  pipes  also  contain 
abundant  garnets  with  high  Zr,  Ti  and  Y  contents,  reflecting  metasomatic  processes  in  the 
mantle.  These  relations  show  that  the  diamond  content  of  a  kimberlite  is  determined  firstly  by 
the  extent  to  which  it  has  sampled  mantle  within  the  diamond  window,  and  secondarily  by  the 
previous  depletion/metasomatism  history  of  that  volume  of  the  mantle. 

The  observed  correlation  (within  some  Archons)  between  subcalcic  "G10"  garnets  and 
diamond  grade  reflects  a  stratification  of  the  lithosphere  in  these  regions,  in  which  most 
harzburgitic  rocks  lie  at  depths  within  the  diamond  stability  field.  However,  in  some  regions 
these  rocks  occur  at  shallow  depths,  while  in  others  magmatic  processes  have  raised  the 
geotherm  and  brought  the  harzburgites  into  the  graphite  stability  field  (cf.  Sablukov  et  al.,  this 
volume).  "G10"  garnets  therefore  are  only  useful  as  a  guide  to  diamond  prospectivity  where 
they  can  be  shown  by  Ni  thermometry  to  be  derived  from  within  the  diamond  stability  field. 
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An  empirical  Zn  thermometer  .(Griffin  et  al.,  1994;  Ryan  et  al.,  1995  and  this  volume) 
allows  temperature  estimates  for  single  chromite  grains.  The  relation  between  Cr/Cr+Al  and 
Tzn  allows  a  rough  estimate  of  the  local  paleogeotherm,  which  can  be  used  to  verify  the  Garnet 
Geotherm.  Tzn,  used  in  concert  with  statistical  discriminants  based  on  major-  and  trace 
elements,  also  helps  to  identify  high-Cr  chromites  ("diamond-inclusion-like”  chromites)  that  are 
derived  from  crustal  source  rocks. 

A  combined  measure  (T)  of  distribution,  rock  type  proportions  and  metasomatism  in 
garnet  concentrates  shows  a  strong  correlation  with  diamond  grade,  and  can  be  used  to  predict 
die  maximum  probable  grade  of  an  exploration  target.  Significant  deviations  from  this 
correlation  are  shown  by  some  pipes,  such  as  Sloan  and  Jwaneng,  that  contain  a  high 
proportion  of  eclogitic  diamonds;  in  these  cases  the  predicted  grades  are  lower  than  the  actual 
ones.  Pipes  with  unusually  high  proportions  of  small  diamonds,  such  as  Roberts  Victor, 

deviate  in  the  opposite  direction;  the  T  estimator  predicts  a  higher  ("geological")  grade  than  the 
relevant  ("commercial")  one.  Despite  these  problems,  the  technique  is  a  useful  tool  in 
prioritising  exploration  targets,  including  drainage  samples,  for  further  work. 

Areas  with  elevated  geotherms  are  inherently  less  prospective  for  diamonds,  since  the 
geotherm  enters  the  diamond  stability  field  only  within  the  deepest  part  of  the  lithosphere,  or  not 
at  all.  Determination  of  the  Garnet  Geotherm  therefore  is  immediately  useful  in  the  area 
selection  process  for  diamond  exploration,  and  this  can  be  done  on  the  basis  of  early  heavy- 
mineral  sampling,  before  any  primary  source  rocks  have  been  found.  With  more  data, 
stratigraphic  sections  showing  the  thickness  and  thermal  and  compositional  structure  of  the 
lithosphere  can  be  constructed  from  garnet  and  chromite  concentrates.  These  sections  can  be 
compared  with  those  from  well-known  areas  of  different  age  and  diamond  prospectivity,  to 
evaluate  the  probability  that  economic  diamond  deposits  will  be  found  within  a  region. 
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The  proton  microprobe  has  been  used  to  study  the  distribution  of  trace  elements  in 
garnet  and  chromite  concentrates  from  a  wide  range  of  kimberlites  on  the  Kaapvaal  Craton. 
These  data  can  be  used  to  reconstruct  the  local  paleogeotherm  ("Garnet  Geotherm":  Ryan  et  al., 
1995;  this  conference)  and  to  place  the  information  content  of  each  garnet  and  chromite  grain  in 
a  depth  context.  The  resulting  stratigraphic  columns  show  the  distribution  of  rock  types, 
temperature  and  metasomatic  processes  with  depth,  and  demonstrate  significant  changes  in  the 
lithospheric  mantle  beneath  the  Kaapvaal  Craton  over  the  period  200-80  Ma,  during  which  most 
of  the  known  kimberlites  erupted. 

The  Garnet  Geotherm  defined  by  data  from  kimberlites  (both  Group  I  and  Group  II) 
with  ages  >90  Ma  closely  follows  a  34  mW/m^  conductive  model;  this  is  consistent  with  the 
few  geothermobarometdc  data  on  xenoliths  from  Group  II  kimberlites.  The  base  of  the 
depleted  lithosphere,  as  defined  by  the  deepest  occurrence  of  Y-depleted  garnets  and  the 
deviation  of  the  geotherm  from  a  conductive  state,  lies  at  depths  of  -220  km.  Assuming  that  all 
ultramafic  rock  types  contribute  roughly  equal  proportions  of  garnets  to  the  concentrate, 
harzburgitic  rocks  comprise  up  to  40%  of  the  mantle  at  depths  between  140-180  km,  but  are 
much  less  abundant  both  above  and  below  this  depth.  Melt-related  metasomatism  (with 
enrichment  in  Fe,  Ti,  Zr,  Y  and  Ga)  is  relatively  minor  at  depths  <180  km,  while  phlogopite- 
related  metasomatism  (with  enrichment  in  Ca  and  Zr)  affects  20-40%  of  the  rocks  at  depths 
between  130  and  180  km. 

In  contrast,  the  Garnet  Geotherm  for  the  kimberlites  with  ages  <90  Ma  (all  of  which  are 
Group  I)  lies  close  to  a  39  mW/m^  model,  in  agreement  with  the  abundant  geothermobarometric 
data  on  mantle  xenoliths  from  these  kimberlites.  The  base  of  the  depleted  lithosphere  lies  at 
-170  km,  and  the  proportion  of  harzburgite  at  any  depth  is  significantly  less  (<25%  at  any 
depth)  than  in  the  mantle  sampled  by  the  older  kimberlites.  The  reduction  in  harzburgite 
abundance  is  attributed  at  least  in  part  to  phlogopite-related  metasomatic  processes  involving  the 
introduction  of  Ca,  which  is  observed  in  xenoliths  from  the  Kimberley  area  (McCammon.et  al., 
this  conf.).  This  style  of  metasomatism  is  especially  prominent  at  depths  of  120-160  km, 
where  it  affects  30-50%  of  the  rock  volume.  Melt-related  metasomatism  becomes  dominant  at 
depths  >170  km,  affecting  >80%  of  the  garnets  with  Tjsii  ^  1200°C. 

These  data  suggest  that  the  process  of  kimberlite  intrusion  began  with  lithospheric 
melting,  presumably  initiated  by  a  general  heating  event,  which  produced  the  Group  II 
kimberlites.  The  existence  of  Group  I  kimberlites  with  ages  >100  Ma  suggests  that  an 
asthenospheric  component  also  was  present  at  this  time,  and  may  be  responsible  for  the  heat 
input.  Continued  eruption  of  the  younger  Group  I  kimberlites  was  accompanied  by  extensive 
heating,  thinning  and  metasomatism  of  the  lithosphere,  due  to  the  intrusion  of  asthenospheric 
melts  at  depth.  This  process  has  produced  major  changes  in  the  composition  of  the  lithosphere* 
including  the  large-scale  conversion  of  harzburgite  to  lherzolite,  and  probably  an  overall 
increase  in  oxidation  state. 

In  the  pre-90  Ma  period,  the  diamond  stability  field  in  the  lithorphere  beneath  the 
Kaapvaal  Craton  extended  from  =125-200  km,  the  proportion  of  both  harzburgites  and  depleted 
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Iherzolites  was  relatively  large,  and  the  degree  of  metasomatism  was  relatively  low.  In  the  post- 
90  Ma  lithosphere,  the  diamond  stability  field  extends  only  from  *135-170  km,  and  the 
proportion  of  harzburgite  and  depleted  lherzolite  has  been  strongly  reduced  by  extensive 
metasomatism.  It  appears  probable  that  the  process  of  lithosphere  heating,  thinning  and 
metasomatism  documented  by  the  garnet  concentrates  is  related  to  the  generally  lower  diamond 
grades  of  the  later  kimberlites. 

A  continuation  of  this  magmatic  activity  eventually  would  produce  a  thinned,  oxidised 
and  fertilised  lithosphere  with  a  relatively  high  geotherm,  and  a  low  diamond  prospectivity.  An 
intermediate  stage  in  this  process  may  be  represented  by  the  relatively  young  kimberlites  in 
Tanzania,  which  border  the  East  African  Rift  and  were  intruded  early  in  the  development  of  the 
Rift..  In  this  area,  the  base  of  the  lithosphere  lies  near  130  km  depth;  the  mantle  below  this 
level  has  been  intensely  metasomatised  by  asthenospheric  melts.  If  this  model  is  correct,  then 
the  asthenosphere-derived  magmatic  activity  that  produced  the  Cretaceous  kimberlites  of  the 
Kaapvaal  Craton  may  be  an  analogue  for  the  initial  stages  of  continental  rifting.  This  process, 
which  destroys  the  Archean  depleted  lherzolite-harzburgite  lithosphere  and  replaces  it  with  more 
fertile  and  oxidised  lherzolitic  material,  probably  is  irreversible.  A  strong  signature  of  these 
processes  in  garnet  concentrates  may  therefore  signal  an  area  that  has  a  low  diamond 
prospectivity,  and  this  information  can  be  useful  in  selecting  areas,  or  time  slices  within 
individual  regions,  that  are  more  prospective. 
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(Max-Planck-Institut  fur  Chemie,  Abteilung  Kosmochemie,  SaarstraBe  23,  55122  Mainz, 
FRG). 


Until  today  age  estimations  of  cratonic  upper  mantle  rocks  have  been  restricted  to 
model  ages,  whereby  diamond  inclusions  from  South  Africa  showed  Sm/Nd  model  ages 
of  about  3, 2-3, 3  Ga  (Richardson  (1984))  giving  an  idea  of  the  age  of  the  South  African 
Craton.  Beside  these  estimations  still  many  scientists  beliefe  inter  mineral  age 
informations  (older  than  eruption)  of  mantle  lherzolites  to  be  wiped  out  by  a  supposed 
chemical  equilibration.  Deviating  features  of  low  temperature  garnet  lherzolites  (LTGL), 
which  do  not  show  isotopic  equilibrium  were  interpreted  as  influenced  by  late  meta¬ 
somatism  or  contamination.  In  recent  times  analyses  of  the  Re/Os  isotopic  system  (Wal¬ 
ker  (1989))  show  Archean  (2-3  Ga)  depletion  ages  for  both,  the  South  African  and  the 
Sibirian  Craton  as  well  and  help  us  to  accept  and  understand  time  informations  which 
were  already  obtained  by  the  Sm/Nd  isotope  sytem  on  these  rocks. 

In  addition  to  data  we  presented  in  the  last  years  on  ultra  clean  mineral  separates 
of  LTGL  rocks  from  Kimberley  Floors  South  Africa  (Gunther  &  Jagoutz,  1994),  we 
found  similar  results  in  an  amphibole  bearing  LTGL  from  Jagersfontein  (table  1),  which 
strongly  improve  some  of  the  main  aspects  we  reported  in  1991.  As  one  can  see  in  fig.  1 
the  results  from  Kimberley  Floors  showed  on  one  hand  preserved  Sm/Nd  Archean  ages 
between  clinopyroxenes  and  the  orthopyroxenes  (2.65  -  2.85  Ga)  on  the  other  hand  we 
could  find  isotopic  disequilibria  between  garnet  and  the  pyroxenes.  The  sample  from 
Jagersfontein  (Jag  1)  confirms  the  same  tendency.  The  slope  between  the  pyroxenes  is 
Archean  (2.9  Ga),  whereas  the  garnets  show  -  in  spite  of  a  much  higher  Sm/Nd  ratio  -  a 
much  younger  age  of  around  300  Ma  (eruption  corrected).  The  pyroxene's  model  ages, 
which  of  course  own  a  much  higher  uncertanty  than  inter  mineral  ages  of  the  different 
mineral  separates,  also  display  the  same  tendency  (1.5  -2.4  Ga).  The  amphibole  lies  close 
to  the  clinopyroxene  its  model  age  is  also  Archean  (2.2  Ga). 


Mineral 

I  Sm  (ppm) 

Nd  (ppm) 

147  Sm/144  Nd 

143/144Nd 

143/144Nd-90ma 

CPX 

10.57 

67.63 

0.09449 

0.51187 

0.51181 

OPX 

0.036 

0.211 

0.10315 

0.51203 

0.51197 

Amphibole 

12.33 

86.27 

0.08641 

0.51189 

0.51184 

Garnet 

2.95 

3.507 

0.50854 

0.51299 

0.51269 

Table  1:  Sm  and  Nd  icontents  and  sotopes  of  sample  Jag  1,  Jagersfontein,  South  Africa. 
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Fig.  1:  Sm,  Nd  isochron  plot  compiled  from  literature.  Watch  the  change  of  scale.  The 
dotted  tielines  which  cross  it  show  not  the  real  slopes  of  isochrones.  They  only  connect 
different  mineral  separates  of  one  sample. 
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This  implies  that  the  event  which  braught  in  the  amphibol  into  this  rock 
(metasomatic  process)  was  happening  in  the  Archean.  Also  Winterbum  (1992)  found  an 
Archean  model  age  of  about  1,3  Ga  on  a  Jagersfontein  edenite.  An  early  metasomatosis 
was  also  demanded  by  Gunther  &  Jagoutz  (1991)  where  we  postulated  the  garnets  of 
two  Kimberley  LTGL  samples  to  be  the  late  prograde  reaction  products  from  amphibole 
&  spinel.  We  think  that  most  of  the  "confused"  Sm/Nd  isotope  data  of  garnet,  not  only 
from  LTGL  rocks,  but  also  from  many  eclogitic  xenoliths  (see  fig.l),  could  be  explained 
by  inhereted  isotopes  of  a  precursor  and  an  uncompleted  reequilibration  during  or  after 
the  mineral  reaction.  This  model  is  able  to  explain  even  "future  chrones"  between 
pyroxenes  and  garnets.  The  position  of  garnet  in  Jag  1  can  not  be  explained  this  way, 
because  it  seems  to  contain  too  radiogenic  Nd.  It  seems  to  be  more  likely  that  it 
represents  an  old  phase  which  was  influenced  isotopically  by  incomplete  equilibration. 

In  our  ongoing  work  we  try  to  find  similar  results  in  kimberlite  derived  LTGL 
rocks  from  Sibiria  (Udachnaya  and  Mirny).  Literature  data  about  these  rocks  have  been 
obtained  in  the  last  few  years  (Zhuravlev  (1991),  Pearson  (1994)).  The  studied  rocks 
originate  from  the  Udachnaya  and  Mimy  pipes.  Only  in  one  sample  results  of  two 
pyroxenes  were  reported  by  Zhuravlev  (sample  A  246).  The  slope  between  these 
pyroxenes  is  also  Archean,  showing  an  age  of  1 .7  Ga,  similar  like  between  pyroxenes 
from  the  South  African  Craton.  The  ages  between  the  pyroxenes  and  the  garnets  of  this 
sample  exceed  the  eruption  by  550  to  600  Ma,  thus  also  showing  that  Zhuravlev  found 
inter  mineral  ages  in  his  samples  which  were  older  than  eruption,  thus  proving  the 
possibility  of  preserved  old  inter  mineral  ages  in  LTGL  rocks. 
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JWANENG  DIAMOND  INCLUSIONS 

Gurney1,  J.J.,  Harris2,  J.W.,  Otter1,  M.L.,  Rickard1,  R.S. 

1.  Department  of  Geological  Sciences,  University  of  Cape  Town,  RSA. 

2.  Department  of  Geology,  Glasgow  University,  Scotland,  U.K. 

Sixty-nine  inclusions  recovered  from  fifty-two  diamonds  from  the  Jwaneng  kimberlite,  Botswana, 
are  two  thirds  (46)  eclogitic  and  one  third  (23)  peridotitic. 

In  the  eclogitic  suite  twenty-one  garnets,  twenty  clinopyroxenes,  seven  rutiles  and  two  silica 
phases  (expected  to  be  coesite)  have  been  identified.  The  proportion  of  rutiles  is  unusually  high. 
The  majority  of  the  garnets  are  high  in  total  FeO  as  measured  by  electron  microprobe  (15.3  - 
22.4  wt  %).  Sodium  is  a  trace  constituent  of  all  the  eclogitic  garnets  within  the  range  0.08  wt%  to 
0.30  wt%.  Only  one  garnet  however  has  less  than  0.17  wt%  Na20.  The  eclogitic  clinopyroxenes 
also  have  a  high  pressure  signature  with  K20  in  the  range  0.05  wt%  to  0.37  wt%.  The  majority  of 
the  pyroxenes  have  unusually  high  aluminium  (AJ203  up  to  12.2  wt%)  and  sodium  (Na20  up  to 
6.11  wt%). 

Ten  garnet/clinopyroxene  pairs  have  been  recovered  from  single  diamonds  as  have  a  co-existing 
rutile  and  probable  coesite,  a  coexisting  garnet  and  rutile  and  a  garnet  /  probable  coesite  pair. 

In  the  peridotitic  paragenesis  only  two  garnets  have  been  recovered,  one  of  which  is  probably 
harzburgitic  in  origin.  The  second  garnet  is  interpreted  to  be  lherzolitic.  The  olivines  (12)  fall 
within  the  range  F090.7  -  Fo^  3  and  the  orthopyroxenes  (2)  are  En^  2  and  En^.j  respectively. 

These  compositions  are  again  suggestive  of  a  lherzolitic  rather  than  harzburgitic  origin.  Chromite 
inclusions  (7)  all  have  more  than  63  wt%  Cr203,  less  than  0.25  wt%  Ti02  and  in  all  elements  fall 
within  the  range  of  compositions  that  have  been  reported  for  inclusions  of  chromite  from  other 
kimberlitic  diamonds  worldwide.  An  olivine  /  orthopyroxene  /  chromite  assemblage  has  been 
recovered  from  one  diamond,  as  well  as  an  olivine  /  chromite  pair  and  olivine  coexisting  with 
presumed  coesite. 

The  Jwaneng  diamond  inclusion  suite  is  therefore  dominated  by  eclogitic  and  lherzolitic 
parageneses  with  only  a  minor  input  from  diamondiferous  harzburgite.  Mineral  compositions  are 
presented  in  Table  1. 

The  association  of  eclogitic  diamonds  and  lherzolitic  diamonds  is  consistent  with  an  origin  related 
to  subduction  of  oceanic  crust  and  associated  lithospheric  mantle  less  depleted  than  the 
Archaean  cratonic  harzburgitic  keel  recognised  at  localities  such  as  Finsch  mine. 
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Table  1 :  Jwaneng  Diamond  Inclusions 
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N.D.  *  Not  Detected 


GARNET  AND  ILMENITE  FROM  SOME  PREMIER  KIMBERLITE  INTRUSIVES 


Gurney1,  J.L.,  Gurney1,  J.J. 

1.  Department  of  Geological  Sciences,  University  of  Cape  Town,  Private  Bag, 
Rondebosch,  7700,  Western  Cape,  RSA. 

Premier  Mine  is  the  largest  kimberlite  in  a  cluster  of  eleven  kimberlite  pipes  situated  in  the 
centre  of  the  Archaean  Kaapvaal  craton.  The  intrusion,  which  is  30km  ENE  of  Pretoria, 
has  been  dated  at  1180  7.  30  m.y.  (Allsopp  and  Kramers  1977)  and  is  a  Group  I 
kimberlite.  It  has  been  mined  almost  continuously  since  1902. 

The  pipe  consists  of  several  intrusive  phases  described  purely  by  their  visual  aspects  and 
including  Brown,  Grey,  Fawn,  Green  and  Piebald  varieties  (Figure  1).  It  is  thought  that  the 
Premier  kimberlite  body  was  emplaced  in  three  mam  phases  of  intrusive  activity:  the 
Brown  kimberlite  represents  the  first  phase  of  intrusion  and  is  the  richest  in  diamond.  It 
was  followed  by  the  Grey  (second  intrusive  phase)  and  Black  kimberlites  (third  intrusive 
phase).  The  Grey  kimberlite  is  volumetncallv  the  most  significant,  whilst  the  Black 
kimberlite  is  present  as  a  plug  like  body  in  the  western  part  of  the  pipe.  Other  kimberlites 
are  volumetrically  minor.  A  carbonatite  intrusion  represents  the  final  phase  of  intrusive 
activity  at  Premier  and  is  spatially  associated  with  the  Black  Kimberlite. 

Three  Premier  kimberlite  types  were  available  for  this  study:  Grey,  Green  and  Black.  The 
mantle  macrocryst  suite  was  extracted  from  each  phase  by  heavy  mineral  separation 
techniques  and  the  macrocryst  minerals  categorised  by  composition. 

The  low  chrome  garnets  appear  to  be  mainly  derived  from  the  megacryst  suite  on  the  basis 
of  igneous  trends  and  high  Fe-Ti  compositions. Very  few  eclogitic  garnet  compositions 
appear  to  be  present  (Figure  2).  Chrome-bearing  pendotitic  garnets  are  much  more 
common,and  peridotitic  diamond  indicator  minerals  suggest  that  more  pendotitic  than 
eclogitic  diamonds  should  be  present  (Figure  3).  This  contrasts  with  the  results  of  a  study 
of  diamond  inclusions  from  Premier  Mine,  where  eclogitic  diamonds  are  more  abundant 
that  pendotitic  in  the  ratio  60/40  (Gumev  et  al.  1985). 

Garnet  compositions  indicate  that  the  diamond  suite  in  the  Black  kimberlite  has  a  higher 
eclogitic  component  than  either  the  Grey  or  Green  variety,  and  a  lower  peridotitic 
component.  The  mantle  mineral  suites  of  the  Grey  and  Green  kimberlites  are  statistically 
very  similar,  supporting  the  previously  proposed  hypothesis  that  the  Green  kimberlite  is  a 
metamorphosed  variant  of  the  Grey  related  to  the  intrusion  of  the  Black  kimberlite.  This  is 
supported  in  this  study  by  both  parametric  (T-tests)  and  non-parametric  (Kruskall  Wallis 
tests)  which  indicate  no  significant  differences  between  the  mantle  mineral  suite 
compositions  for  the  Green  and  Grey  kimberlites  at  a  confidence  level  of  95%. 

Statistical  analysis  of  the  ilmenite  datasetset  reports  a  high  negative  correlation  of  MgO 
and  Ti02  with  calculated  estimates  of  Fe203c  /  FeOc  (Table  1).  This  supports  the  idea  that 
Mg  and  Ti  may  be  approximate  indicators  of  mantle  oxygen  fiigacity,  higher 
concentrations  of  both  corresponding  to  more  reduced  mantle  conditions.  Ilmenite 
compositional  data  for  the  different  kimberlite  types  imply  very  similar  redox  conditions  in 
the  deep  upper  mantle  at  the  times  of  their  respective  emplacements. 
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TABLE  1:  Correlation  coefficients  (ilmenites) 


Oxide 

Whole  Group 

Grey 

Black 

Green 

Ti02 

MgO 

0.93 

0.94 

0.92 

0 . 95 

Ti02 

FeOc 

-0.81 

CN 

OO 

O 

1 

-0.78 

-0.85 

Ti02 

Fe2°3c 

-0.91 

CO 

CO 

o 

1 

-0.96 

-0.96 

MgO 

FeOc 

-0.97 

-0.96 

-0 . 97 

-0 . 97 

MgO 

Fe2°3c _ 

-0.90 

-0 . 91 

-0 . 90 

-0.92 

*  FeOc  and  Fe2C>3c  are  calculated. 

This  study  demonstrates  that  significant  differences  in  the  mantle  sample  may  exist  in 
different  kimberlite  intrusive  phases  of  the  same  diatreme.  The  finding  that  diamond 
inclusion  composition  peridotitic  garnets  outnumber  Group  I  eclogite-derived  garnet 
appears  at  variance  with  earlier  work  on  diamond  inclusions  which  reported  paragenetic 
proportions  60:40  with  respect  to  eclogitic:peridotitic  diamonds.  Possible  reasons  for  this 
might  include  that  the  concentrate  macrocrysts  studied  are  not  representative  of  the 
paragenetic  proportions  of  the  diamond  population,  that  the  eclogitic  diamonds  studied 
previously  were  predominantly  sampled  by  another  intrusive  phase  not  studied  here  (such 
as  the  Brown  kimberlite),  or  alternatively  that  diamond  inclusions  may  not  accurately 
represent  the  paragenetic  proportions  of  the  diamond  suite. 
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FIGURE  1:  Generalised  geological  plan  of  Premier  Mine  (from  De  Beers  internal  report) 
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FIGURE  2:  Low-Cr  garnet  macrocrysts 
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PETROCHEMISTRY  OF  ULTRADEEP  (>300  KM)  AND  TRANSITION  ZONE  XENOLITHS . 
Stephen  E.  Haggerty 

Department  of  Geology,  University  of  Massachusetts,  Amherst,  MA 
01003 

Ultradeep  xenoliths  are  defined  on  the  basis  of  majoritic  garnet 
(Mj-Gt)  inclusions  in  diamond,  and  on  Mj-Gt  in  kimberlite  xenoliths 
(Haggerty  and.  Sautter,  1990)  .  The  former  have  retained  pyroxene 
(nominally  R4Si4012)  in  garnet  solid  solution,  whereas  the  latter  have 
exsolved  Px  along  {ill}  Gt  planes.  Modal  and  chemical  reconstitution 
of  Gt  +  Px  yields  majoritic  solid  solutions  with  IVSi  and  VISi,  which, 
based  on  natural  and  pure  experimental  systems  requires  stabilization 
at  P>100  kb  (300  km) .  The  deepest  xenoliths  identified  are  from  the 
TZ  at  450  km,  but  equilibrated  at  holding  stations,  possibly  in  the 
asthenosphere,  but  certainly  in  the  lithosphere  at  ~40  kb  and  1200°C 
(Sautter  et  al . ,  1991). 

A  detailed  petrographic  and  EMPA  study,  undertaken  on  41 
xenoliths  shows  an  emerging  pattern  from  the  approximately  400 
samples  that  have  been  processed  to  date  from  the  Jagersf ontein 
diamond  diatreme  in  the  Kaapvaal  Craton.  Discrete  macrocrystic 
garnet  (1-2  cm)  with  associated  clinopyroxene ,  and' {ill}  lamellar  Cpx 
is  the  dominant  ultradeep  xenolith  comprising  -10%  of  the  ultramafic 
Gt  suite  (typically  purple  with  1-2  wt%  Cr203) .  Gt-rich  layers  (-2  cm 
in  width)  in  four  phase  lherzolites  and  mega-Gt  (>5  cm  in  diameter) 
in  harzburgite  typify  the  larger  (10-20  cm) ,  but  rare  ultradeep 
xenoliths.  In  all  cases,  pyroxene  (clino  or  otho  or  both)  is 
crystallographically  controlled,  but  Px  may  also  be  prismatic, 
lensoidal  or  annular  to  Gt  implying  multiple  stages  of  exsolution  and 
grain  boundary  diffusion.  Jigsaw- type  textures  distinguish  the 
majoritic  assemblage  from  120°  dihedral  annealing  in  lherzolitic  and 
harzburgite  substrate  minerals  (Fig.  1)  .  Garnet  ranges  from  Py68_74 
and  Ca0-Cr203  relations  are  lherzolitic;  Cpx=Jd3_19W037_46  with  0.4 -2. 4 
wt%  Cr203  ;  Opx=92-95  mole  %  En;  and  01  averages  92.5  mole  %  Fo  with 
max.  wt%  0.1  CaO,  0.4  NiO,  0.1  Cr203  .  The  Cr203  (0 . 25 -2 . 5  wt%)  content 
in  Cpx  is  related  to  Cr203  ( 0 . 4-2 . 4  wt%)  in  Gt ,  and  lamellar  Cpx  is 
typically  more  enriched  in  Cr203  (by  -  0.5  to  1.5  wt%)  than  grain 
boundary  associated  Cpx  (Fig.  2) .  Five  xenoliths  in  a  new  class 
contain  oriented  spinel  (Cr/Cr+Al  =  0.74;  Mg/Mg+Fe  =0.58)  in 
addition  to  Cpx  in  Gt. These  Gts  have  >3  wt%  Cr203  (cf  0.5-1. 5  for 
Sp-free  types)  and  provide  a  link  to  other  non-alkremitic  and 
enigmatic  Gt  (Py74  +  Sp  (Cr#  74;  Mg#  57),  and  Sp  (Cr#  69;  Mg#  76)  + 
lamellar  Py72  +  Jd14  assemblages.  A  possible  reaction  is 
•Mg3  (AlSi)  2  (Si04)  3  (Mj  )  =  CaMgSi206  (Cpx)  +  MgAl204  (Sp)  +  residual  Si02  in 
Mj .  Three  ultradeep  high  pressure  xenoliths  have  {ill}  rutile  in  Gt 
implying  substitution  by  :Na2CaTi2Si3012 .  One  xenolith  contains 
optically  anomalous,  strained  olivine  inclusions  in  Gt  possibly  from 
the  inversion  of  wadsleyite  (/5  Mg2Si04)  or  ringwoodite  (6  Mg2Si04)  . 
Collaborative  studies  on  oxygen  isotopes  (with  P.  Deines) ,  trace 
elements  by  ion  probe  (N.  Shimazu) ,  Sr,  Nd,  Sm  (Macdougall) ,  and 
HRTEM  (S.  Karato)  have  been  initiated.  Early  results  are  in  accord 
with  the  petrographic  and  EMPA  study  that  the  ultradeep  TZ  xenoliths 
are  mineralogically  and  geochemically  diverse  and  that  the  TZ  is, 
therefore,  heterogeneous. 

D"  plumes  are  the  most  viable  media  for  transporting  the 
ultradeep  xenoliths.  The  model  is  supported  by  the  diamond  inclusion 
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assemblage  of  CaSi03  +  (MgFe)O  +  Si02/  which  is  most  reasonably 
interpreted  as  a  sampling  of  the  lower  mantle  (Harte  and  Harris, 
1994).  Plume  activity  is  correlated  with  kimberlite  eruptions,  and 
hot  spot  tracks,  continental  fragmentation  and  flood  basalts,  and 
atypical  superchron  events  of  the  Earth's  magnetic  field  (Haggerty, 
1994) .  The  overall  theme  is  an  adjunct  to  the  superplume  model  but 
goes  beyond  that  model  by  proposing  that  many,  previously 
unaccounted  for  features  in  diamonds  (e.g.  ages,  613C  anomalies, 
sulfides,  metallic  Fe,  SiC) ,  K-metasomatism,  and  the  global 
synchroneity  of  kimberlite  clan  eruptions  at  80-120,  250-320,  and  440 
Ma,  as  well  as  at  ~  1.1  Ga,  are  best  explained  by  D"  disruption  and 
plume  sampling  along  a  conduit  from  the  CMB  to  the  crust  (Fig.  3) . 
There  may,  however,  be  other  possibilities  but  alternate  models  will 
necessarily  have  to  be  constrained  in  space  and  time. 
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CARBONADO,  CLATHRATE  AND  CAVITATION:  A  MODEL  FOR  THE  ACOUSTIC 
INDUCTION  OF  DIAMOND. 

Stephen  E.  Haggerty 

Department  of  Geosciences,  University  of  Massachusetts,  Amherst,  MA 
01003,  USA 

The  most  enigmatic  of  the  diamond  family  is  carbonado,  which  is 
loosely  defined  as  sintered  polycrystalline  diamond.  Carbonado  is 
unusual  because  it  is  described  as  bonded,  the  material  is  porous  and 
coke-like  in  appearance,  is  isotopically  light  (circa  -250/00<513C) 
contains  low  pressure  crustal  rather  than  upper  mantle  minerals,  and 
occurs  in  Proterozoic  alluvials  (Brazil  and  central  African  Republic) 
without  a  recognized  source  in  kimberlite  or  related  rocks  (Smith  and 
Dawson  1985;  Shibata  et  al . ,  1993,  and  refs,  therein).  These 

features  have  led  to  the  proposition  that  carbonado  may  have  formed 
by  meteorite  impact,  which  is  unsupported  because  lonsdaleite 
(hexagonal  diamond)  is  absent.  Other  interpretations  for  the  origin 
of  carbonado  include  ion- implantation  by  U  and  Th  in  coal  deposits, 
crystal  size  modification  of  the  P-T  diagram  for  carbon  (Kaminsky, 
1994) ,  or  by  a  complex  series  of  reactions  in  the  upper  mantle  and 
subsequently  in  the  crust  (Kagi  et  al . ,  1994). 

New  observations  show  that  carbonado  ranges  from  clove  brown 
thorough  dark  purple  and  to  jet  black.  Carbonado  has  a  patina 
implying  melting  and  rapid  quenching.  Porosity  varies  from  <1%  to  a 
maximum  of  5%  by  volume,  and  permeability  is  extremely  low. 
Microstructures  are  complex  and  highly  variable.  No  mineral 
inclusions,  apart  from  epigenetic  vesicle-infilling  at  the  surface 
of  carbonado,  has  yet  been  observed. 

The  three  largest  "diamonds"  ever  reported  from  Brazil  are 
carbonado,  and  Sergio  is  61  cts  heavier  than  the  famous  Cullinan. 
Given  the  restricted  distribution  of  carbonado,  at  least  in  mineable 
concentrations  in  Brazil  and  the  CAR,  and  the  unusual  properties  of 
carbonado,  it  is  possible  that  some  exotic  source  and/or  mechanisms 
are  required  for  the  synthesis  of  carbonado.  The  proposal  made  here 
may  be  described  as  the  transformation  of  "ice  to  diamond, " 
"acoustically-induced  diamond,"  or  CAROBS- - "clathrates  acoustically 
reduced  on  ballistic  sonication" .  (carob  =  ceratonia  siliqua; 
keration  (GK)  =  little  horn;  qirat  (Ab)  =  pod;  hence,  carat) . 

Acoustically  generated  hydrodynamic  stresses  have  been  shown  to 
yield  extraordinarily  high  temperatures  (>5,000°C)  and  high  pressures 
(exceeding  1  MBar)  during  transient  (micro-  to  picosecond)  cavitation 
of  collapsing  and  imploding  micro-bubbles  (Moss  et  al . ,  1994);  these 
physical  and  sonochemical  (Suslick,  1990)  conditions  far  exceed  the 
minimum  required  for  diamond  formation  (Fig.  1) .  Although  cavitation 
has  previously  been  suggested  for  the  crystallization  of  diamond  in 
kimberlite  (Galimov,  1973)  it  is  unlikely  that  the  process  is 
operative  because  bubble  formation  is  a  low  confining  pressure 
phenomenon  which  is  at’  odds  with  the  presence  of  high  (5-6  GPa)  to 
very  high  (10-15  GPa)  pressure  mineral  inclusions  in  diamond. 

The  proposed  starting  material  in  the  current  model  is  a 
naturally  occurring,  three  dimensional,  molecular  water  ice  framework 
(clathrate)  that  occurs  in  all  oceans  along  continental  margins. 
Clathrates  contain  cages  of  trapped  gases  (Kvenvolden,  1993).  Type  1 
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and  Type  II  clathrates  are  cubic,  the  latter  has  the  structural 
symmetry  of  diamond  and  the  versatility  of  hosting  small  and  large 
diameter  gas  molecules  (Fig.  2).  Methane  (CH4)  is  present  in 
naturally  occurring  clathrates  and  is  the  gas  of  choice  in  this 
diamond  template.  In  the  presence  of  water,  high  H:C  ratios  are 
achieved,  providing  protonation  (i.e.  hydrogen)  and  the  required 
adhesion  for  diamond  bonding.  This  is  the  heart  of  the  carbon-vapor- 
deposition  (CVD)  process  for  the  production  of  nanometer  thin  diamond 
films  at  low  pressures  and  high  plasma  temperatures. 

Ballistically  accelerated  cavitation  would  account  for  porosity, 
observed  implanted  rare  gases  (Xe,  Ar,  Kr  from  the  clathrate) ,  melt 
patinas,  and  bonding.  The  sonic  source  is  unknown  but  several 
possibilities  exist:  intense  seismic  activity;  sonic  booms  associated 
with  explosive  volcanism;  shock  and  sono- transmitted  irradiation  by 
meteorite  or  comet  impact;  and  less  likely,  sono-induced  transmission 
from  the  spontaneous  combustion  of  volatile  hydrogen  or  hydrocarbon 
gases.  Was  the  formation  of  carbonado  a  unique  event  in  the  Archaen 
in  contiguous  Brazil  and  the  CAR?  If  the  process  is  impact-related 
the  K-T  boundary  Chicxulub  crater  in  the  Yucatan  Peninsula  would  be  a 
prime  target  for  carbonado  formation. 
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Type  I  clathrate  structure.  In  (a)  both  the  open  and  closed  cages  contain 
methane.  The  structure  contains  12-  and  14-hedra  • 
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The  problem  of  diamqndbearing  in  Syria 


S.H.Hanna 

The  General  Est.Of  Geology,  P.O.Box  7645,  Damascus-Syria 

On  the  territory  of  Syria,  quite  definites  for  diamond  prospecting  exist.  Out  of 
these  prerequisites  are:  1)  the  peculiarities  of  the  geological  setting  of  the  region,  2) 
presence  of  the  kimberlite  like  rocks  diatremes  containing  xenoliths  of  deep  material  and 
3)  the  findings  soft  minerals-satellites  of  diamond  itself  in  stream  sediments. 

The  territorry  of  Syria  is  a  part  of  the  African- Arabian  platform.  Rupture 
disturbancec  play  a  significant  role  in  its  setting.  The  largest  of  these  is  the  Lebanon- Syrian 
fault  which  is  the  northern  continuation  of  the  deep-fault  zone  of  the  Gulf  of  Agaba-Dead 
Sea.  In  order  for  diamond  deposits  to  form  the  presence  of  an  interruption  in 
sedimentation  the  appearance  of  continental  regime  is  necessary.  In  Syria,  such  a  situation 
was  twice  on  the  boundary  of  Jurassic  and  Cretaceous  as  well  as  the  Paleogene  and 
Neogene. 

The  diatremes  of  the  Kimberlite  like  rocks  of  Cretaceousage  are  widely  distributed 
around  the  Coastal  mountain  rang  to  the  west  of  the  Levant  fault.  The  chemical 
composition  of  these  diatremes  is  shown  in  (table  1). 

In  Al-Nabi  Matta  diatreme,  deep-seated  xenoliths  of  garnet  granulite  and  eclogite 
(garnet  pyroxenite)  are  encountered.  The  chemical  composition  of  these  xenolths  is  shown 
in  table  (2). 

Presened  are  data  on  the  composition  of  these  minerals.  They  wereobtained  by  the 
author  together  with  the  group  of  Pokhilenko  bmeans  of  rentgenspectral  microanalylsis 
carried  out  in  IGG  SB  AS  USSR. 

Garnet.  As  is  shown  in  (tabl.3),  the  majority  of  garnet  points  lies  in  the  field  of 
garnet  peridotites. 

Ilmenite  -  it  is  clear  that  only  2  compositions  of  picroilmenite  taken  in  the  area  of 
Syrian  desert  approach  the  number  of  kimberliete  rocks  (tabl  4). 

Cr-Spinel  (Table  4).  The  most  interesting  compositions  of  chromites  arerevealed  in 
the  area  of  Kadmus  (table  4,  analyses  2)  and  the  area  of  Aleppo  table  4  analyses  2-3)  and 
which  entirely  lie  in  the  field  of  diamond-bearing  rocks. 

Thus,  the  available  data  prove  that  single  minerals  corresponding  in  composition  to 
diamond  Satellites  and  other  grains  -  to  diamond  itself.  Hence,  the  territory  of  Syria  is 
considered  a  prespctive  region  for  diamond  prospecting 
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Table  1.  The  chemical  compositions  of  pyroclasis  from  the  diatreme: 


Muhelbe 

Kadmaus 

AJ  Rband 

Jlagi 

1 

2 

3 

4 

5 

6 

7 

Si02 

28.7 

35.30 

49.20 

18.01 

26.03 

32.00 

28.67 

Ti02 

1.78 

0.84 

1.42 

0.38 

1.68 

2.3 

1.9 

A1203 

7.20 

9.61 

15.59 

5.40 

7.85 

11.00 

5.00 

Cr203 

0.023 

0.058 

0.065 

- 

- 

- 

- 

Fe203 

5.02 

5.00 

4.14 

4.40 

4.29 

8.83 

18.04 

FeO 

3.13 

4.23 

3.94 

- 

- 

4.38 

- 

MnO 

0.11 

0.22 

0.13 

0.13 

0.12 

0.13 

0.25 

MgO 

12.71 

17.45 

10.48 

9.78 

3.22 

6.38 

21.79 

CaO 

17.95 

9.44 

5.87 

22.45 

21.22 

15.93 

10.43 

Na20 

0.36 

0.70 

2.02 

0.15 

0.26 

3.11 

0.30 

K20 

0.90 

0.96 

2.80 

0.66 

1.65 

1.45 

0.81 

p2o5 

0.38 

0.50 

0.17 

0.63 

0.72 

0.40 

1.68 

v2o5 

0.021 

0.023 

0.024 

- 

- 

-- 

- 

NiO 

0.026 

0.021 

0.014 

- 

- 

- 

- 

CoO 

0.006 

0.006 

0.005 

- 

- 

- 

- 

C02 

12.77 

6.43 

0.36 

- 

- 

- 

- 

S03 

- 

0.036 

0.045 

32.20 

27.41 

11.24 

16.10 

H20 

9.05 

9.01 

4.43 

4.89 

Total 

100.34 

100.14 

100.70 

100.99 

100.45 

99.75 

99.97 

Table  2.  The  chemical  composition  of  eclogites 
and  garnet  granulites  from  Muhelbe 


Eclogites 

Garnet 

Granulites 

1 

2 

3 

4 

125-15 

138-8 

138-7 

75-9 

Si02 

44.54 

40.46 

46.62 

46.78 

Ti02 

1.48 

4.53 

3.32 

0.32 

A1203 

10.74 

14.28 

15.32 

18.01 

Cr203 

- 

0.083 

0.056 

- 

Fe203 

3.45 

5.79 

3.13 

1.44 

FeO 

5.08 

12.24 

6.93 

4.22 

MnO 

0.12 

0.19 

0.17 

0.12 

MgO 

14.22 

10.54 

7.28 

9.87 

CaO 

14.51 

8.01 

11.32 

15.67 

Na20 

0.79 

0.96 

2.62 

1.40 

K20 

0.23 

0.94 

1.08 

0.40 

P205 

0.084 

0.02 

0.51 

0.04 

d 

- 

0.04 

0.041 

- 

NiO 

0.042 

0.009 

- 

CoO 

- 

0.009 

0.006 

- 

C02 

0.11 

0.11 

0.07 

0.11 

S03 

0.054 

= 

0.31 

0.03 

H20 

4.39 

1.33 

3.35 

1.63 

Total 

99.79 

99.61 

100.01 

99.94 
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Table  3.  Partial  chemcal  analyses  of  garnets  in  some  diatremes  of  Syria- 


Jlagi 

Job-AJ-Aswad 

Kadmus 

N 

Cr203 

MgO 

CaO 

FeO 

Cr203 

MgO 

CaO 

FeO 

Cr203 

MgO 

CaO 

FeO 

1 

0.03 

17.77 

5.21 

11.70 

1.02 

21.00 

4.77 

7.81 

0.74 

20.59 

4.97 

7.84 

2 

0.17 

19.68 

5.10 

9.11 

0.55 

20.79 

4.80 

7.68 

0.17 

20.82 

5.34 

7.00 

3 

0.16 

19.33 

4.85 

9.27 

0.05 

14.78 

8.23 

8.37 

1.04 

20.99 

5.03 

6.97 

4 

0.11 

19.22 

4.87 

9.35 

2.22 

21.75 

5.23 

6.83 

1.12 

20.49 

5.14 

7.49 

Table  4  Partial  chemical  analysesof  the  Cr-spinels  and  ilmenites  from  stream  sediments 


Alappo 

Syrian  Desert 

Kadmus 

Chromite 

Ilmenite 

Chromite 

1 

2 

3 

4 

1 

2 

.3 

4 

1 

2 

3 

4 

Cr203 

54.69 

62.49 

62.70 

61.57 

0.00 

0.00 

0.00 

0.00 

61.89 

63.74 

60.64 

51.98 

MgO 

10.29 

9.68 

6.05 

9.66 

0.30 

0.08 

0.30 

0.16 

10.19 

8.23 

10.41 

10.87 

A1203 

12.10 

8.59 

7.05 

8.26 

1.07 

1.09 

0.99 

0.94 

6.91 

3.46 

8.51 

5.59 

Ti02 

0.08 

0.08 

0.04 

0.04 

61.59 

56.30 

63.89 

56.91 

0.06 

0.05 

0.03 

0.02 
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KIMBERLITES  FROM  U-Pb  PEROVSKITE  DATING 

L.M.  Heaman1  and  R.H.  Mitchell2 
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Numerous  radiometric  ages  for  kimberlites  from  the  Yakutian  province  in  eastern 
Siberia  have  been  reported  (e.g.  Brakhfogel’  and  Kovol’skiy,  1979;  Davis  et  al.,  1980) 
but  many  of  these  ages  are  older  than  that  permitted  by  the  geological  relationships  of  the 
pipes.  Despite  the  inherent  limitations  in  some  of  these  determinations,  at  least  five 
periods  of  kimberlite  emplacement  have  been  proposed  ranging  from  Late  Ordovician  to 
Late  Jurassic  (Davis  et  ah,  1980;  Sobolev,  1985).  In  order  to  better  understand  the 
tectonic  significance  of  the  Yakutian  kimberlites,  precise  U-Pb  perovskite  dating  is  in 
progress  on  kimberlite  samples  from  the  Malo-Batuobinsk  and  Daldyn-Alakit  fields  in  the 
south  and  from  some  of  the  diamond-poor  kimberlite  fields  (Kuika,  Lower  Olenek)  to  the 
north.  In  many  ways,  perovskite  is  an  ideal  choice  for  determining  the  timing  and  origin 
of  kimberlites  because  it  is  generally  one  of  the  few  mineral  constituents  that  contains 
appreciable  amounts  of  U,  Sr  and  Nd  and  can  be  shown  to  be  a  primary  magmatic  phase. 
The  first  phase  of  this  project  will  focus  on  the  temporal  relationship  between  Yakutian 
kimberlite  fields  while  phase  two  will  involve  a  comparison  of  the  nature  of  the 
subcontinental  mantle  source  regions  between  diamond-rich  and  diamond-poor  pipes 
from  Sr-Nd  isotopic  studies  of  kimberlitic  perovskite. 

Preliminary  U-Pb  perovskite  results  for  small  (<0.5  kg)  samples  from  two  pipes 
located  within  the  Kuika  kimberlite  field  indicate  that  the  diamond-poor  kimberlites  in 
this  northern  field  are  Jurassic  in  age.  Perovskite  from  the  Velikan  II  pipe  are  small, 
rounded,  dark  orange  anhedral  grains  that  are  rimmed  with  a  thin  white  coating 
(leucoxene?).  The  results  for  one  analysis  of  190  grains  indicate  moderate  U  (114  ppm) 
and  Th  (659  ppm)  abundances  and  a  206Pb/238U  age  of  159.1+2.4  Ma  (2a).  This  159.1  Ma 
age  is  considered  a  good  estimate  for  the  emplacement  age  of  the  Velikan  II  kimberlite. 
Abundant  tiny  tan  perovskite  fragments  were  recovered  from  a  sample  of  the 
Monticellitovaya  kimberlite  and  one  analysis  consisting  of  469  grains  yielded  a  slightly 
older  206Pb/238U  age  of  169.6±3.0  Ma(2a)  and  slightly  lower  U  (73  ppm)  and  Th  (252 
ppm)  abundances.  These  Jurassic  emplacement  ages  for  kimberlites  from  the  Kuika  field 
overlap  with  U-Pb  mantle  zircon  ages  (159-146  Ma)  reported  for  several  kimberlites  from 
fields  further  south  (Davis  et  al.,  1980)  indicating  that  this  period  of  Jurassic  kimberlite 
magmatism  occurs  in  a  number  of  the  Yakutian  fields.  It  remains  to  be  established 
whether  all  Yakutian  Jurassic  kimberlites,  like  Velikan  and  Monticellitovaya,  are 
diamond-poor  and  hence  poor  exploration  targets.  Diamond-poor  Jurassic  kimberlite 
magmatism  is  not  unique  to  the  Yukutian  fields  as  temporally  equivalent,  diamond-poor 
kimberlitic  magmatism  (159-152  Ma)  is  preserved  in  the  Kirkland  Lake  field,  North 
America  (Heaman,  1989;  Heaman  and  Kjarsgaard,  1995).  The  existence  of  temporally 
distinct  diamond-rich  and  diamond-poor  kimberlites  in  the  same  geographic  location  may 
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be  controlled  by  additional  factors  other  than  the  thickness  and  age  of  the  subcontinental 

mantle  root  beneath  stable  Archean  cratons. 
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Carbon  stable  isotope  ratios  of  diamond  are  frequently  invoked  in  attempts  to  elucidate  diamond 
genesis.  In  particular,  the  existence  of  a  marked  13C  depletion  in  many  diamonds  is  often  cited 
as  direct  evidence  for  subducted,  crust-derived  volatile  material  being  directly  involved  in  the 
formation  of  some  diamonds.  The  causes  of  carbon  isotope  variability  within  the  mantle  are 
however  still  poorly  constrained  and  this  is  largely  due  to  the  lack  of  independent  information  with 
which  to  compare  C  isotope  data.  Nitrogen  is  a  common  trace  constituent  of  diamonds  and  as  it 
consists  of  two  stable  isotopes,  it  provides  an  additional  geochemical  parameter  that  may  be 
studied  in  conjunction  with  C.  This  paper  reports  the  first  comprehensive  study  of  the  C  and  N 
stable  isotope  variation  within  a  suite  of  well  characterised  diamonds  from  a  geographically 
restricted  area. 

The  diamonds  used  in  this  study  come  from  the  Argyle,  Elle&dale  4  and  Ellendale  9  lamproites. 
Whole  inclusion-free  diamonds  and  fragments  of  stones  from  which  the  inclusions  had  been 
broken,  were  cleaned  and  described  and  had  their  infra-red  absorption  spectrum  collected. 
Microgram  sized  chips  from  each  diamond  were  then  combusted  in  the  extraction  system  described 
by  Boyd  et  al.y  ( 1988).  Nitrogen  stable  isotope  ratios  were  measured  in  the  mass  spectrometer 
described  by  Wright  et  al.,  (1988)  and  carbon  stable  isotope  ratios  were  measured  in  the  SIRA24 
dynamic  mass  spectrometer  in  routine  use  at  the  Open  University.  Stable  isotope  ratios  are 
expressed  in  the  conventional  6  notation  as  per  mille  ( %o )  deviations  from  an  internationally 
accepted  standard.  In  the  case  of  carbon,  613C  is  expressed  relative  to  PDB,  and  for  nitrogen, 
615N  values  are  relative  to  air. 

There  are  large  variations  in  the  stable  isotopic  compositions  of  both  carbon  and  nitrogen  in 
diamonds  from  the  Argyle  and  Ellendale  lamproites  (Table  1).  The  distribution  of  613C  values 
from  Argyle  and  Ellendale  4  are  unimodal  but  there  is  a  bimodal  613C  distribution  for  Ellendale  9 
diamonds  (Figure  1)  with  one  of  the  Ellendale  9  modes  corresponding  to  the  Argyle  diamonds  and 
the  other  mode  corresponding  to  the  Ellendale  4  diamonds.  Ellendale  9  diamonds  also  have  a 
6l5N  distribution  that  is  transitional  between  that  of  the  Argyle  and  Ellendale  4  615N  distributions 
(Figure  2). 

61 3C  S1 5N 


Argyle 

Ellendale  4 

Ellendale  9 

Argyle 

Ellendale  4 

Ellendale  9 

n 

112 

21 

68 

101 

20 

66 

min. 

-14.9 

-6.24 

-22.14 

-4.64 

-10.43 

-9.34 

max. 

-4.51 

-1.96 

0.01 

13.60 

3.6 

13.15 

median 

-10.06 

-4.73 

-6.08 

5.50 

-1,02 

-0.89 

mean 

-9.88 

-4.57 

-7.94 

5.83 

-2.34 

0.10 

std.error 

0.20 

0.25 

0.51 

0.40 

0.98 

0.58 

variance 

4.35 

1.32 

17.93 

15.96 

19.15 

22.23 

std.  dev. 

2.09 

1.15 

4.23 

3.994 

4.376 

4.715 

Table  1:  Statistical  description  of  the  613C  and  615N  values  of  Argyle  and  Ellendale 
diamonds. 


225 


30 


20 


10 


Argyle  g 

1  1 

J 

1 

ii  1 1  n  ii  i  rrrTTi 

ML . J 

zr  D 

O 

c 

4, 

zj  a 

cr  H 

<L> 


0 

20 


Ellendale  4  ~  | 

i 

i 

1 

. . 1 

1  Hr* 1 1  i- 

3- 
O 

C 
« 

7.  10 


Ellendale  9 

.  i _ 

■  i  ffl-  i  i-B-W-m 

T 

12 

10 

8 

6 

4 
2 
0 

5 
4 
3 
2 
1 


Ellendale  4 


, 


0  4 


i  i  1 1  i  i  1 1  i  i 


14 

12 

10 


Ellendale  9 

-  1 

f  i 

I 

Ui 

J 

fl  i 

-  1 1 1 1  FI  i  rfPrl 

K  ((  J  ,# 

-25  -20  -1  5  -10  -5  0  5 

613C  %o 

Figure  2:  Histograms  showing  the 
613C  distribution  of  Argyle  and  Ellendale 
diamonds. 
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Figure  3:  Histograms  showing  the 
6^N  distribution  of  Argyle  and 
Ellendale  diamonds. 


There  are  no  consistent  relationships  between  the  stable  isotope  ratios  of  these  diamonds  and  their 
colour,  morphology,  state  of  nitrogen  aggregation  or  nitrogen  content.  The  613C  and  615N 
values  however  show  a  covariation  and  this  may  be  related  to  diamond  paragenesis  (Figure  3). 
Eclogitic  paragenesis  diamonds  are  characterised  by  having  a  more  negative  mean  613C  value  than 
Iherzolitic  paragenesis  diamonds,  but  there  are  no  statistically  significant  differences  in  the  mean 
615N  values  of  eclogitic  and  Iherzolitic  paragenesis  diamonds  from  these  Western  Australian 
(W.A.)  lamproites.  Eclogitic  paragenesis  diamonds  however  define  a  group  with  a  positive  slope 
on  Figure  3  whereas  Iherzolitic  diamonds  define  a  negative  slope.  There  are  no  615N  data  from 
harzburgitic  paragenesis  W.A.  diamonds  available  for  comparison,  although  van  Heerden  et  al., 
(1995)  suggest  that  the  nitrogen  stable  isotope  ratios  of  harzburgitic  diamonds  are  expected  to 
differ  from  those  of  both  eclogitic  and  Iherzolitic  diamonds. 


The  C  and  N  stable  isotope  vdata  are  interpreted  as  evidence  for  the  recycling  of  crust-derived 
organic  material,  oceanic  basalt  and  peridotite  and  sediments  back  into  the  diamond  source  region. 
Eclogitic  and  Iherzolitic  diamonds  both  show  evidence  of  this  subducted  component. 

Harzburgitic  diamonds  from  elsewhere  (for  example  Finsch)  which  have  less  variable  613C  and 
615N  values  are  thought  to  be  more  characteristic  of  pristine  or  “primary”  mantle  material. 

A  compilation  of  all  the  nitrogen  stable  isotope  data  available  for  diamonds  has  a  mean  615N  value 
of  0%o  ±  6 %o  (Van  Heerden,  1994).  It  is  suggested  that  this  615N  value  is  characteristic  of  well 
mixed,  sub-continental  lithospheric  upper  mantle,  in  the  same  way  that  613C  ~  -5 %o  is  accepted  as 
the  characteristic  mantle  carbon  isotope  signature. 
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Figure  3:  6l5N  -  613C  covariation  for  W.A.  diamonds.  Fields  for  individual 

lamproites  are  shown.  Filled  symbols  are  individual  lherzolitic  diamonds. 
Eclogitic  diamonds  are  are  shown  by  open  symbols. 

The  large  variation  in  C  and  N  stable  isotope  ratios  within  diamonds,  and  the  causes  of  their 
covariation  clearly  warrant  further  investigation. 
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Diamonds  from  the  Argyle  and  Ellendale  lamproites  in  Western  Australia  have  a  wide  range  in 
stable  isotopic  composition  (See  van  Heerden  et  al.,  this  volume).  Carbon  stable  isotope  ratios 
can  vary  between  -22.1  %o  <  613C  <  0.0 %o,  and  the  615N  values  of  these  diamonds  are  between 
-22.1%o  and  +13.4%o.  Nitrogen  content  and  state  of  aggregation  are  also  highly  variable  in 
Western  Australian  diamonds.  Examining  the  zonation  patterns  evident  within  single  diamond 
crystals  can  elucidate  the  cause  of  some  of  the  variability  within  these  Western  Australian 
diamonds. 

Four  diamonds  that  show  simple,  concentric  growth  layering  in  cathodoluminescence  have  been 
examined  in  detail.  The  nitrogen  isotope  composition,  nitrogen  content  and  state  of  aggregation 
as  well  as  the  carbon  isotopic  composition  have  been  measured  in  traverses  across  plates  cut  from 
these  1  carat  (5mm)  diamonds.  These  parameters  all  vary  regularly  with  position  in  the  diamond 
crystal  (Figure  1)  and  the  general  zonation  pattern  is  one  in  which  the  core  regions  of  the  diamonds 
are  characterised  by  having  elevated  concentrations  of  isotopically  heavy  ( 15N-enriched)  nitrogen 
that  occurs  in  an  advanced  of  aggregation.  The  outer  reaches  of  these  diamonds  are  marked  by 
having  lower  nitrogen  contents,  by  being  relatively  15N-depleted  (that  is  isotopically  “lighter”)  and 
by  having  nitrogen  in  a  less  aggregated  form  than  the  central  regions  of  the  stones.  The  carbon 
isotopic  variations  are  much  more  subtle,  however  the  general  zonation  pattern  is  also  one  in 
which  the  central  regions  of  the  diamond  are  characterised  by  an  increase  in  the  proportion  of  the 
heavier  13C  isotope. 

The  zoning  profiles  across  these  simple  diamonds  are  consistent  with  Rayleigh  fractional 
crystallization  in  which  the  heavier  l^N  and  13C  isotopes  are  preferentially  incorporated  in  the 
crystallizing  diamond.  This  process  has  been  quantitatively  modelled,  and  fractionation  factors 
have  been  determined.  These  are  1 .001  for  carbon  and  1 .004  for  nitrogen  fractionation  during 
diamond  precipitation.  The  initial  carbon  and  nitrogen  isotope  compositions  of  the  diamond 
source  have  also  been  modelled  and  these  vary  from  613C  =  -5.6 %o  to  -10.3%o  and  from  615N  = 
+5%o  to  +10%o. 

The  fact  that  carbon  and  nitrogen  stable  isotope  ratios  and  nitrogen  concentration  and  aggregation 
state  vary  regularly  across  these  diamond  plates  suggests  that  discontinuous,  multi-phase  growth 
is  not  responsible  for  the  zonation  patterns  seen  in  these  3  Argyle  and  1  Ellendale  9  diamond. 
There  are,  however,  alternative  explanations  for  these  variations.  Three  component  mixing,  in 
which  the  3  components  have  (i)  positive  615N  values  and  very  negative  613C  values;  (ii)  positive 
615N  values  and  “mantle”  613C  values  of  about  -5%o  and  (iii)  negative  615N  values  and  “mantle” 
613C  values  respectively,  may  explain  the  isotopic  characteristics  of  these  diamonds.  These  3 
components  resemble  Argyle  eclogitic,  Argyle  lherzolitic  and  Ellendale  4  diamonds  respectively. 

It  is  suggested  that  these  three  components  may  be  representative  of  eclogitic,  lherzolitic  and 
harzburgitic  diamonds  in  general.  This  hypothesis  however  needs  to  be  tested  by  further  analysis 
of  inclusion  bearing  diamonds  from  as  many  different  sources  as  possible. 
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Figure  1 :  Representative  zonation  patterns  across  Argyle  diamond  plate  150701 
#12-1.  A  to  E  represents  and  edge  to  edge  traverse  across  the  5  mm 
diamond  plate.  Cathodoluminescence  shows  that  block  C  is  the  centre  of 
the  diamond.  Error  bars  are  shown  for  estimates  of  the  proportion  of 
nitrogen  occuring  in  B  aggregates.  Other  uncertainties  are  smaller  than 
the  plot  symbols. 

The  evidence  that  these  diamonds  grew  in  a  fractional  process  has  important  implications.  It 
supports  the  idea  that  diamonds  grew  in,  or  from,  a  volatile-rich  fluid  precursor,  rather  than  as  a 
result  of  sub-solidus  crystallization.  The  high  degrees  of  crystallization  indicated  place  some 
constraints  on  the  size  of  these  “volatile  bubbles”.  If  100%  crystallization  is  required  to  form  a  5 
mm  diamond,  then  the  initial  reservoir  must  be  of  the  same  magnitude.  Furthermore,  the 
variability  in  the  initial  carbon  and  nitrogen  stable  isotope  ratios  indicates  an  initially  heterogeneous 
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mantle.  This  shows  that  simple  closed  system  fractional  crystallization  alone  cannot  explain  all 
the  stable  isotope  variability  seen  in  diamonds. 

Nitrogen  aggregation  is  a  function  of  temperature,  time  and  N  concentration,  and  the  zonation  in 
nitrogen  aggregation  state  across  these  diamonds  has  implications  for  the  ages  of  these  diamonds. 
In  the  most  extreme  case,  an  age  difference  of  1 .2  Ga  exists  between  the  core  region  and  the  outei 
rim  of  a  diamond  from  Argyle.  With  crystal  growth  occurring  on  this  time  scale,  a  complex 
history  for  diamond  genesis  is  to  be  expected. 


References: 

van  Heerden  L.A,  Boyd  S.R  and  Pillinger  C.T  (1995).  The  carbon  and  nitrogen  isotope 
characteristics  of  Argyle  and  Ellendale  diamonds.  This  volume. 
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COMPARISON  OF  PHYSICAL,  SPECTROSCOPIC  AND  STABLE  ISOTOPE 
CHARACTERISTICS  OF  ROBERTS  VICTOR  DIAMONDS 


van  Heerden,1  L.A.,  Taylor  -  W.R.,  Kirkley,3  M.B,.  Gurney,1  J.J.,  Bulanova,4  G. 

1 .  Present  address:  Department  of  Geological  Sciences,  The  University  of  Cape  Town,  Private 
Bag,  Rondebosch  7700,  South  Africa. 

2.  Crystallography  and  Mineral  Physics  Unit,  Department  of  Geological  Sciences,  University 
College,  London,  U.K. 

3.  BHP  Minerals  Canada  Ltd.,  1697  Powick  Rd,  Kelowna,  British  Columbia,  Canada  V1X  4L1. 

4.  Yakutian  Institute  of  Geosciences,  Russia. 

A  suite  of  small  (<  2  mm  diameter)  diamonds  collected  from  the  Roberts  Victor  Mine,  South 
Africa  have  been  examined  spectrally  and  in  cathodoluminescence.  From  their  infrared  spectra,  6  ’ 
spectral  types  may  be  identified  and  these  are  Type  laA  diamonds,  Type  II  diamonds  and  four 
classes  of  Type  IaAB  diamond.  These  4  classes  have  been  named  N,  M,  L  and  K  (or  “Sloan- 
type”)  respectively  and  they  are  defined  on  the  basis  of  platelet  development.  Diamonds  from 
spectral  class  K  have  very  low  platelets  increasing  through  spectral  classes  L  and  M  to  spectral 
class  N  which  has  very  well  developed  platelets. 

Qualitative  modelling  of  nitrogen  aggregation  shows  that  type  IaA  diamonds  and  type  IaAP 
diamonds  belonging  to  spectral  class  N  have  similar  thermal  histories.  Assuming  a  time  for 
nitrogen  aggregation  (Tna)  of  2.9  Ga,  these  diamonds  experienced  temperatures  in  the  range 
1000°C  to  just  over  1080°C.  Type  IaAB  diamonds  from  spectral  class  M  experienced  hotter 
conditions  ( 1 070°C  to  a  1 1 50°C)  and  diamonds  from  class  L  experienced  yet  hotter  conditions 
( 1080 %oC  to  1200°C).  Type  IaAB  diamonds  from  spectral  class  K  experienced  the  hottest  mantle 
storage  and  they  were  held  at  mantle  temperatures  between  1 160°C  and  1270°C.  If  a  mantle 
residence  time  of  1 .3  Ga  is  assumed,  these  temperatures  all  drop  by  about  20°C. 

The  relationships  between  diamond  characteristics  and  diamond  spectral  class  are  listed  in  Tables  1 
to  4.  An  examination  of  the  carbon  isotope  composition  of  these  diamonds  is  now  under  way  in 
an  investigation  of  the  processes  involved  in  the  genesis  of  these  diamonds. 


Colour 

IaA  &  IaAB  (N) 

IaAB  (M) 

IaAB  (L) 

IaAB  (K) 

II 

Colourless 

73 

65 

59 

45 

44 

Pale  Brown 

- 

13 

15 

18 

21 

Pale  Yellow 

9 

9 

12 

32 

13 

Brown 

- 

- 

5 

- 

- 

Pale  Pink 

8 

9 

9 

- 

- 

Yellow 

- 

- 

- 

5 

22 

Transparent 

10 

- 

- 

- 

- 

Table  1:  Percentage  of  diamonds  of  different  colour  in  each  spectral 
class. 
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C.L.  Colour 

laA  &  laAB  (N) 

laAB  (M) 

laAB  (L) 

IaAB  (K) 

II 

Dead 

9 

_ 

_ 

_ 

_ 

Dull  blue 

18 

8 

7 

24 

22 

Blue 

45 

58 

31 

13 

- 

Purple 

19 

3 

10 

8 

35 

Blue-yellow 

- 

25 

18 

9 

- 

Purple-yellow 

- 

- 

15 

28 

29 

Yellow 

9 

*6 

19 

18 

14 

Table  2: 

cathodomuminescence  colour  by  spectral  class. 

Shape 

IaA  &  laAB  (N) 

laAB  (M) 

laAB  (L) 

IaAB  (K) 

II 

Single  octahedra 

_ 

2 

0 

0 

0 

Multiple  octahedra  13 

27 

31 

19 

- 

Distorted  octahedra 

- 

2 

- 

- 

Single  dodecahedra 

10 

12 

18 

7 

Multiple  dodecahedra  27 

33 

28 

40 

36 

Cubes 

7 

- 

- 

- 

- 

Macles 

13 

10 

11 

15 

- 

New  fragments 

35 

15 

9 

5 

27 

Old  fragments 

- 

1 

4 

3 

15 

Polycrystalline  aggregates  - 

- 

- 

3 

8 

Composite  crystals  5 

■2 

3 

5 

7 

Table  3: 

Percentages  of  different  diamond  morphology  in 

each  spectral 

class. 

Resorption 

IaA  &  laAB  (N) 

laAB  (M) 

laAB  (L) 

IaAB  (K) 

II 

None  or  low 

14 

25 

28 

8 

_ 

Differential 

- 

4 

- 

5 

- 

Moderate 

31 

24 

29 

32 

50 

High 

45 

45 

43 

55 

36 

Unclassified 

10 

2 

- 

- 

14 

Table  4:  Proportion  of  diamonds  in  various  resorption  categories  by 
diamond  class. 
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KIMBERLITES  -  WHY,  WHEN,  AND  WHERE?  A  HIERARCHY  OF 
GEOTECTONIC  CONTROLS. 


Helmstaedt1,  H.H.,  Gurney2,  J.J. 

1.  Department  of  Geological  Sciences,  Queen’s  University,  Kingston,  Ontario, 

Canada  K7L  3N6 

2.  Department  of  Geological  Sciences,  University  of  Cape  Town,  Rondebosch  7700, 
Republic  of  South  Africa 

In  spite  of  many  attempts  in  the  literature  to  explain  the  temporal  and  spatial 
distribution  of  kimberlites,  no  consensus  has  emerged  regarding  their  geotectonic 
controls.  Among  others,  kimberlite  magmatism  has  been  correlated  with  lithospheric 
flexures,  regional  uplifts  above  upwelling  convection  currents  (mantle  diapirs,  mantle 
hot  spots),  rifting  of  continents,  flat-dipping  subduction  zones,  non-laminar  flow  above 
subduction  zones,  transform  faults,  and  magneto-hydrodynamic  activity  in  the  core, 
however,  none  of  these  models  can  explain  all  the  aspects  of  the  problem.  Much  of 
the  uncertainty  about  the  geotectonic  controls  derives  from  the  fact  that  our 
knowledge  of  virtually  every  aspect  of  the  complex  process  of  kimberlite  formation 
and  ascent  to  the  surface  is  still  very  speculative.  In  addition,  there  is  the  problem  of 
correlation  between  the  mainly  sublithospheric  processes  involved  in  kimberlite 
formation  and  the  geotectonic  environment  in  the  upper  parts  of  the  lithospheric 
plates  through  which  the  kimberlites  erupt. 

The  problem  of  explaining  timing  and  locations  of  kimberlites  may  be  more 
tractable  by  considering  the  various  aspects  of  kimberlite  formation  in  an  appropriate 
geotectonic  hierarchy.  Assuming  that  kimberlites  result  from  partial  melting  of 
"fertilized"  garnet  peridotite  in  the  lower  lithosphere  or  sublithospheric  mantle,  we 
must  identify  for  each  kimberlite  province: 

1.  What  processes  or  events  can  fertilize  the  upper  mantle  so  that  it  may 
yield  a  kimberlitic  melt? 

2.  What  processes  may  trigger  melting  and  ascent? 

3.  What  is  the  timing  of  the  fertilization  and  trigger  events?  Are  they  related 
or  totally  unrelated  upper  mantle  processes? 

4.  What  controls  the  mode  and  extent  of  surface  and  near-surface  kimberlite 
emplacement? 

As  many  previous  hypotheses  attempting  to  explain  kimberlite  distribution  are 
province-specific,  consideration  of  this  hierarchy  of  controls  for  many  different 
kimberlite  provinces  may  help  to  further  constrain  some  of  the  problems  involved. 

Whereas  diamond  formation  appears  to  occur  mainly  in,  and  adjacent  to,  the 
lithospheric  roots  or  keels  of  ancient  cratons,  with  economic  quantities  of  diamonds 
confined  to  the  Archean  parts  of  these  cratons,  the  similarity  between  "on-craton"  and 
"off-craton"  kimberlites  suggests  that  the  fertilization  process  affects  much  wider 
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regions  than  those  underlain  by  the  highly  depleted  and  dehydrated  Archean  mantle 
roots.  Previous  models  for  enrichment  of  the  potential  source  areas  have  concentrated 
on  processes  of  upper  mantle  metasomatism  as  a  result  of  either  plume-  or 
subduction-related  events.  At  present  there  is  little  tangible  evidence  to  distinguish 
between  the  two,  but  the  possibility  must  be  considered  that  subducted  material  is 
carried  upwards  by  convection.  The  question  of  mantle  refertilization  may  also  be 
approached  by  considering  the  secular  pattern  of  kimberlite  magmatism,  especially 
the  absence  of  kimberlites  older  than  approximately  1.8  Ga.  Although  diamonds  and 
indicator  minerals  in  the  Witwatersrand  basin  are  indicative  of  Archean  kimberlites  in 
southern  Africa,  the  lack  of  Archean  kimberlites  and  indicator  minerals  in  the 
Archean  and  earliest  Proterozoic  sedimentary  record  elsewhere  cannot  be  simply  a 
matter  of  preservation.  It  appears  to  be  no  coincidence  that  the  first  detrital 
kimberlitic  diamonds  occur  in  the  Witwatersrand  basin  which  is  located  near  the 
oldest  preserved  collisional  orogen  (Limpopo  belt),  where  thickening  of  the  crust  and 
lithosphere  not  only  caused  diamonds  to  form  (ca.  3.3  -  3.2  Ga),  but  where  also  the 
first  continental  plate  was  accreted  that  was  large  and  thick  enough  for  genuine 
intraplate  magmatism,  including  the  first  kimberlite  event  (>2.9  Ga).  In  a  volatile- 
impoverished  Hadean  Earth  (>4.0  Ga),  that  was  covered  by  a  convecting  magma 
ocean  (e.g.,  Kumazawa  and  Maruyama,  1994),  plate-tectonic-like  processes  developed 
gradually,  as  early  crust  and  mantle  were  re-hydrated  through  recycling  of  hydrated 
and  carbonate-altered  oceanic  crust  (e.g.,  de  Wit  and  Hart,  1993).  The  introduction 
into  the  mantle  of  C02  and  H20  necessary  for  kimberlite  formation  must  be  seen  in 
the  context  of  this  transition  from  plume  to  plate  tectonics.  The  first  Proterozoic 
kimberlite  event  (ca.  1.8  -  1.6  Ga)  was  wider-spread  and  occurred  after  the  break-up 
of  the  first  supercontinent  (ca.  2.4  Ga)  and  the  development  of  the  first  platformal 
carbonates  in  lower  Proterozoic  sequences.  Subduction  of  some  of  these  carbonates 
may  have  caused  a  major  increase  in  the  C02  budget  of  the  upper  mantle.  Judging 
from  the  widespread  presence  of  lithospheric  "graveyards"  under  the  present 
continents  (e.g.,  Fukao  et  ,al.,  1994),  there  appears  to  be  no  problem  envisaging  the 
contribution  of  subducted  material  and  volatiles  to  the  sub-continental  lithosphere 
throughout  the  Paleozoic  and  Mesozoic,  when  kimberlites  erupted  on  virtually  every 
major  craton. 

As  to  the  processes  which  trigger  kimberlite  melting,  there  is  no  easy  way  of 
distinguishing  between  decompression  melting  or  a  sudden  release  of  volatiles  by 
dehydration  and  decarbonation  reactions  at  depth.  However,  it  is  clear  that  a  tensile 
stress  parallel  to  the  surface  is  required  for  fractures  to  nucleate  along  which 
kimberlites  can  ascend  into  the  upper  crust.  As  tensile  stresses  at  the  base  of  the 
lithosphere  are  small  compared  to  the  hydrostatic  pressure  in  this  region  of  the  upper 
mantle,  such  fractures  can  propagate  only  if  an  abundant  supply  of  low-viscosity  liquid 
can  follow  into  the  tip  of  the  crack  (e.g.,  Anderson,  1979).  The  surface  tectonic 
settings  in  which  these  conditions  are  realized  appear  to  vary  greatly  among  different 
kimberlite  provinces.  Whereas  Mesozoic  kimberlite  magmatism  in  southern  Africa 
was  contemporaneous  with  continental  break-up,  the  late  Cretaceous/early  Tertiary 
kimberlites  of  the  Slave  Province  in  Canada  were  emplaced  while  thrusting  and 
terrane  accretion  occurred  along  the  western  continental  margin  of  North  America. 
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Relative  and  absolute  timing  of  fertilization  and  trigger  events  can  only  be 
established  if  the  metasomatic  enrichment  of  the  source  region  can  be  dated 
separately  and  compared  to  the  age  of  kimberlite  emplacement.  Integrated  with  the 
tectonic  history  of  the  province  in  question,  such  data  are  necessary  to  establish 
whether  fertilization  and  melting  are  related,  or  whether  a  time  lag  exists  between 
fertilization  and  the  triggering  of  the  kimberlite  event.  By  considering  these  age 
relationships  and  comparing  data  from  well  known  kimberlite  provinces  with 
observations  from  newly  discovered  kimberlite  provinces  in  Canada,  it  may  be 
possible  to  assess  the  importance  of  hot  spot  and  plume  activity  which,  according  to  a 
number  of  authors,  play  an  important  role  in  kimberlite  magmatism.  Although  it  is 
tempting  to  correlate  the  Mesozoic  kimberlites  of  southern  Africa  with  the  plume 
activity  preceding  and  accompanying  continental  break-up,  such  correlation  cannot  be 
made  for  the  kimberlites  of  the  Slave  Province,  where  the  latest  plume  activity 
recognizable  from  surface  geology  occurred  in  the  late  Proterozoic.  If  plumes  exert  a 
secondary  control  on  kimberlite  formation  by  causing  metasomatic  enrichment  of 
adjacent  mantle,  the  time  gap  between  this  type  of  fertilization  and  formation  of  the 
kimberlite  may  be  large. 

On  the  large  scale,  within  cratons,  the  distribution  of  kimberlite  provinces 
appears  to  be  controlled  by  the  extent  of  refertilized  upper  mantle  source  regions.  On 
the  regional  and  more  local  scale,  examples  abound  where  the  location  of  kimberlites 
is  influenced  by  a  variety  of  structural  features  (fractures,  faults,  dikes,  large-scale 
folds,  monoclines,  etc.),  such  that  the  location  of  actual  kimberlite  fields  and  clusters 
is  a  function  not  only  of  the  complex  interplay  between  fertilization  and  triggering 
processes,  but  also  of  the  structural  state  and  rock  types  in  the  upper  crust.  Whether 
the  crustal  structures  are  active  during  kimberlite  emplacement  or  merely  serve  as 
passive  pathways,  they  influence  the  mode  of  kimberlite  emplacement  but  probably 
bear  little  or  no  relationships  to  the  lower  or  sub-lithospheric  processes  causing 
kimberlite  formation. 
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LITHOSPHERE  EVOLUTION  IN  RIFTED,  CRATON  AND  MOBILE  BELT 
ENVIRONMENTS  FROM  ZIMBABWE  AND  IMPLICATIONS  FOR  DIAMOND 
PROSPECTIVITY 

Hildebrand1,  P . R .  ,  Gurney2,  J.J. 

1.  Department  of  Earth  Sciences,  Parks  Road,  Oxford,  0X1  3 PR, 
UK 

2.  Department  of  Geological  Sciences,  University  of  Cape 
Town,  Rondebosch,  7700,  South  Africa 

The  diamond  prospectivity  of  Zimbabwe  is  broken  down  into 
three  major  components  with  different  tectonic  settings. 

These  are  the  stable  Archaean  craton,  the  Archaean  to 
Proterozoic  Limpopo  belt  and  the  Mesozoic  rift  basin  of  the 
Zambezi  Valley  (fig.  1) . 
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SIMPLIFIED  GEOLOGY 
'6  S  OF  ZIMBABWE 


ARCHAEAN  CRATON 
l=J  Ancient  gneiss 
|  |  Granite 

■  Greenstone 


LIMPOPO  BELT 
[|||central  zone 

Northern  Margin  zone 
Southern  Margin  zone 


5  -  Colossus  9  -  Sobungwe 

2  -  River  Ranch  6  -  Wessels  ,0  . 

3  -  Sbingwizi  .  7  -  Mollal  j  \  .  Somabula 

Orapa  8  -  Clare  12  -  Nuanetsi  (MwenezO 


POST  ARCHAEAN 
[[[III  Cover 
EH  Intrusive 

8111 2-0.5  Ga  mobile  belt 
R  Major  rift 
Kimberlite 

f~*j  Alluvial  diamonds 


Fig.  1.  Simplified 
geology  of  Zimbabwe 
and  surrounding 
regions  to  the  south 
and  southwest,  with 
emphasis  on  features 
relevant  to  mantle 
root  formation  and 
preservation,  and 
showing  kimberlites 
and  diamondif erous 
gravel  locations . 


Geophysical  information  that  provides  clues  about  .the 
present  day  lithosphere  thickness  beneath  Zimbabwe  comes  from 
poor  resolution  data  that  suggests  relatively  fast  shear  wave 
velocities  up  to  a  depth  of  at  least  200  km.  These  velocities 
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are  not  as  high  as  those  under  the  Canadian,  Baltic  or  Western 
Australian  shields,  but  they  are  similar  to  those  below  the 
Kaapvaal  craton.  There  is  a  general  increase  in  velocity, 
suggesting  a  thicker  mantle  root,  to  the  southwest.  The  three 
tectonic  settings  of  the  kimberlites  appear  to  have  similar 
shear  wave  velocities  beneath  them.  (Fig.  2) .  A  similar  present 
day  lithosphere  thickness  between  the  Archaean  craton  and  the 
Limpopo  belt  would  be  consistent  with  other  information. 
However,  the  Zambezi  Valley  also  having  a  similar  thickness 
would  not.  If  this  is  not  due  to  the  poor  resolution  of  the 
data,  post-extensional  mantle  healing  beneath  the  rift  could 
explain  the  unexpectedly  high  velocities. 


Fig.  2.  Shear  wave  velocity 
variations  at  210  km  depth 
beneath  southern  Africa  (Zhang 
and  Tanimoto,  1993).  The  +0.8% 
and  +1.2%  contours  of  velocity 
variation  from  a  global  average 
of  4.40  km/sec  are  also  shown. 
Note  that  variations  at  this 
depth  beneath  the  Canadian  and 
Baltic  shields  are  up  to  around 
+3%.  The  geographical  outline 
of  Zimbabwe  is  shown.  C  = 
Colossus,  R  =  River  Ranch,  Q  = 
Quest . 


Geotectonic  considerations  suggest  that  the  Archaean 
craton  should  overlie  a  thick  cool  mantle  root.  This  is 
confirmed  by  the  presence  of  sub-economic  quantities  of  diamond 
and  co-genetic  high  pressure  peridotitic  garnets  (fig.  3)  in 
the  kimberlites  present  within  this  setting.  The  composition  of 
mantle  megacryst  minerals  in  these  kimberlites  confirm  the 
presence  of  a  deep  lithospheric  mantle  root.  On  the  basis  of 
ilmenite  compositions,  redox  conditions  at  the  time  of 
kimberlite  emplacement  (about  500  Ma)  are  more  oxidising  than 
is  ideal  for  diamond  preservation.  Overall,  the  deep  mantle 
root  signature  within  the  diamond  stability  field  is  only 
weakly  developed. 

The  Limpopo  belt  was  established  by  2.7  Ga,  and 
reactivated  at  about  2  Ga.  Two  relatively  recently  discovered 
kimberlites  in  the  Limpopo  belt  (River  Ranch  and  Venetia,  fig. 
1)  of  probably  late  Proterozoic  age  contain  economic  quantities 
of  diamonds.  The.  River  Ranch  kimberlite  also  has  a  strong 
mantle  root  signature,  identified  by  the  presence  of  garnets 
(fig;  3)  and  chromites  derived  from  disaggregated  diamond 
bearing  harzburgites .  An  independent  study  (Kopylova  et  al . , 
this  volume)  of  inclusions  in  River  Ranch  diamonds  has 
confirmed  the  association  between  these  minerals  and  River 
Ranch  diamonds.  If  the  formation  of  the  Limpopo  belt  is 
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compared  to  modern  collisional  zones,  convective  removal  of  the 
mantle  lithosphere  in  the  later  stages  of  development  would  be 
expected.  This  clearly  has  not  occurred. 

In  the  Zambezi  Valley,  no  diamonds  have  been  recovered 
from  the  known  post-Triassic  kimberlites  and  there  is  evidence 
in  the  mantle  minerals  recovered  from  these  diatremes  (e.g. 
fig.  3)  that  a  deep  mantle  root  is  not  preserved  in  this 
setting.  This  is  consistent  with  the  geotectonic  prediction 
that  rifting  would  have  been  associated  with  lithospheric 
thinning  in  this  Mesozoic  basin. 


Fig.  3.  Cr203  vs  CaO  diagrams  for  garnet  macrocrysts  from 
kimberlites  considered  representative  of  the  Archaean  craton 
(Colossus) ,  Limpopo  belt  (River  Ranch)  and  Zambezi  Valley 
(Quest  Kl)  .  Colossus  has  a  few  marginally  subcalcic  G10 
garnets,  indicating  a  thick  mantle  root  with  a  low  diamond 
potential.  The  River  Ranch  garnets  suggest  a  thick,  highly 
depleted  mantle  root  with  a  good  diamond  potential.  The  Quest 
Kl  garnets  are  all  Ca  saturated,  and  have  a  trend  that  is  well 
to  the  right  of  the  G9/G10  dividing  line,  indicating  a  thin 
mantle  root  with  no  peridotitic  diamond  potential. 


Although  the  mantle  lithosphere  below  the  Archaean  craton 
and  Limpopo  belt  both  extend  into  the  diamond  stability  field, 
the  latter  is  more  depleted  and  diamond  rich.  It  is  possible 
that  this  resulted  from  some  fundamental  difference  in  the 
formation  of  the  Archaean  lithosphere  associated  with  the  two 
tectonic  regions.  This  would  question  the  validity  of  the 
presumption  that  the  Northern  Margin  Zone  of  the  Limpopo  belt 
is  simply  the  equivalent  of  the  Zimbabwe  craton  granite 
greenstone  terrain  at  higher  metamorphic  grades. 

The  evidence  presented  indicates  that  the  Limpopo  belt  has 
very  good  diamond  potential,  the  Archaean  craton  has  some 
potential  and  the  Zambezi  Valley  has  no  diamond  potential. 
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The  Gibeon  kimberlite  field  is  situated  within  the  Namibia 
Province,  a  poorly  exposed  domain  commonly  considered  part  of 
the  western  Proterozoic  margin  to  the  Archaean  Kaapvaal  craton 
(Fig.  1).  Xenoliths  in  the  kimberlites  provide  a  window  to 
crustal  basement  and  mantle  lithosphere  beneath  considerable 
thicknesses  of  younger  rocks  in  an  area  more  than  400  km  west  of 
the  Kalahari  Line.  This  study  covers  aspects  of  the  tectonic 
setting  of  mantle  xenoliths  from  the  ca.  75  Ma  old  Louwrensia 
kimberlite  in  the  Gibeon  kimberlite  field.  Several  hundred 
samples  have  now  been  collected  and  are  stored  at  the  Geological 
Survey  of  Namibia. 

Recent  geophysical  evidence  suggests  that  the  Kaapvaal  craton 
and  its  associated  lithosphere  may  extend  into  the  Namibia 
Province.  Although  the  Kalahari  Line  is  generally  considered  to 
represent  the  craton  margin,  deep  seismic  reflection  profiles 
indicate  that  this  is  an  extensional  feature  (Hall  et  al . , 

1990).  Regional  gravity  and  magnetic  patterns  are  continuous 
across  the  northern  part  of  the  Kalahari  Line  (Corner,  pers. 
comm.,  1994),  consistent  with  the  westward  continuation  of 
thinned  cratonic  basement  at  depth.  The  substantial  change  in 
magnetic  character  of  deep  basement  from  the  northern  to  the 
southern  part  of  the  Namibia  Province  further  suggests  the 
presence  of  two  distinct  domains  termed  the  Tses  and  Aroab 
Subprovinces  respectively.  U-Pb  sphene  determinations  on 
gneissic  basement  drilled  along  the  Kalahari  Line  yield  an  age 
of  2926  +  2  Ma  (Key,  pers.  comm.,  .1995),  considerably  older  than 
the  age  of  ca.  2.0  Ga  usually  attributed  to  the  Kheis-Magondi 
Belt.  This  is  in  agreement  with  the  Nd  model  ages  of  ca.  3.0  Ga 
obtained  by  Harris  et  al .  (1987)  for  granites  and  sediments  in 
the  same  belt.  Similar  lithologies  have  been  mapped  to  the  west 
of  the  Kalahari  Line  by  Blignault  et  al .  (1974),  suggesting  that 
the  Kheis-Magondi  Belt  may  constitute  part  of  the  Aroab 
Subprovince . 

Peridotite  xenoliths  from  Louwrensia  are  predominantly  low- 
temperature  garnet  Iherzolites.  Major  element  compositions  of 
these  Iherzolites  are  between  those  of  typical  cratonic  and 
oceanic  lithosphere,  suggesting  a  transitional  origin  for  sub- 
Gibeon  lithosphere  (Boyd  et  al . .  1994).  Metasomatism  is 
dominated  by  mica  (phlogopite)  and  subordinate  diopside;  no 
amphiboles  have  been  observed.  Mica  occurs  as  discrete  grains 
in  contact  with  olivine,  diopside  and  orthopyroxene;  as 
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inclusions  within  diopside  and  garnet;  and  as  rims  on  garnet  and 
earlier  formed  mica.  Mica  compositions  reflect  different 
episodes  of  metasomatism  which  affected  peridotites  prior  to  and 
during  kimberlite  eruption.  Over  80  mica  analyses  from  14 
samples  show  ranges  in  composition  of  FeO  (2. 7-5. 3  wt%),  Ti02 
(0. 1-6.0  wt%),  BaO  (0.01-0.66  wt%),  and  K20  (7.8-10.5  wt% ) . 
Within  individual  samples,  discrete  mica  grains  are 
compositionally  similar  and  may  represent  equilibrium 
compositions.  They  have  low  FeO  and  Ti02  and  are  probably  not 
in  equilibrium  with  the  host  kimberlite.  Micas  which  occur  as 
rims  (on  mica  and  garnet),  inclusions,  and  in  contact  with 
secondary  diopside  have  relatively  high  FeO  and  Ti02  contents, 
suggesting  formation  or  equilibration  at  the  time  of  kimberlite 
emplacement.  The  composition  of  each  mica  type  differs  in  each 
sample,  reflecting  the  combined  effects  of  host  rock 
composition,  mica  crystallisation  age,  mineral  reactions  and 
diffusion. 

Oldest  Re  depletion  model  ages  for  peridotite  xenoliths  from 
the  Gibeon  kimberlite  field  are  about  2.1  Ga  (Pearson  et  al . 
1994).  These  mantle  ages  are  similar  to  the  oldest  U-Pb  zircon 
ages  for  the  inferred  crustal  basement  but  younger  than  Nd  model 
age  estimates  of  up  to  3.0  Ga.  Early  Proterozoic  age 
determinations  for  the  crust  and  mantle  underlying  the  Gibeon 
kimberlite  field  could  indicate  a  link  between  the  formation  of 
crust  and  mantle  lithosphere.  However,*  geophysical  evidence  and 
Nd  model  age  data  support  the  more  regional  extension  of 
Archaean  crust  into  the  Namibia  Province.  Post-Archaean 
extensional  tectonics  may  have  allowed  upwelling  suboceanic 
mantle  to  interact  with  attenuated  cratonic  margin  lithosphere 
in  order  to  produce  the  off-craton  lithosphere  beneath  the 
Gibeon  kimberlite  field. 
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Figure  1:  Map  of  kimberlite  occurrences  in  relation  to  the 
tectonic  framework  of  southern  Africa  (Hoal  et  al . .  1995). 
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The  presence  of  periclase-wustite  (fPer)  coexisting  with  (Mg,Fe)SiC>3  (MgSiPvk)  and  CaSiOg  (CaSiPvk)  as 
inclusions  in  diamonds  from  Sao  Luiz,  Brazil  indicates  that  these  diamonds  have  an  origin  in  the  lower 
mantle  (Wilding  et  al.,  1991,  Harte  and  Harris,  1993).  This  paragenesis  has  been  predicted  as  stable  below 
670km  in  depth  by  experimental  petrology  (Irifune  and  Ringwood,  1993,  Ito  and  Takahashi,  1987)  and  is 
supported  by  geophysical  research  (Ito  and  Takahashi,  1989)  and  work  in  solid  state  physics  (Sherman, 

1993,  D'Arco  et  al.,  1994).  A  comprehensive  study  of  the  compositional  characteristics  of  fPer  suite 
inclusions  including  garnet  from  Sao  Luiz  and  involving  both  major  and  trace  elements  has  been  undertaken 
and  provides  a  direct  glimpse  into  the  nature  of  the  Lower  Mantle  (Wilding  et  al.,  1991  and  Harte  et  al., 
1994).  Details  of  the  nature  of  individual  inclusions  and  their  diamond  hosts  also  provide  a  glimpse  into 
their  history  of  exhumation.  This  has  been  approached  so  far  from  three  directions;  a  study  of  the  nature  of 
fracture  systems  around  the  inclusions,  a  programme  of  structural  investigation  by  XRD  to  determine  the 
degree  to  which  the  inclusions  are  held  in  a  high  pressure  state  and  an  investigation  of  stable  isotope 
characteristics  around  fracture  systems.  The  compressibility  of  diamond  is  much  smaller  than  that  of  most 
rock-forming  minerals  which  means  that,  on  ascent,  the  internal  pressure  exerted  on  the  diamond  host,  due 
to  the  relative  expansion  of  its  inclusions,  will  be,  potentially,  large.  This  internal  pressure  will  be  further 
enhanced  in  the  case  of  MgSiPvk  and  CaSiPvk  if  they  invert  to  their  low  pressure  polymorphs.  Due  to  this 
high  internal  stress,  there  exists  a  potential  for  communication  between  inclusions  and  the  chemical 
atmosphere  surrounding  the  diamonds  subsequent  to  the  incorporation  of  the  inclusions  within  their  hosts. 
Whether  this  scenario  occurs  or  not  depends  on  the  integrity  of  the  diamond  structure  and  it  is  partly  the  aim 
of  this  programme  of  research  to  assess  this  likelihood.  Chemical  and  visual  examination  and  measurement 
of  any  remnant  internal  pressure  would  provide  an  indication  of  the  degree  to  which  a  particular  diamond 
has  acted  as  an  inpenetrable  tomb  for  its  inclusions. 

Fracture  systems 

Visual  observation  of  some  diamonds  have  shown  a  few  inclusions  where  fractures  allow  communication 
between  the  inclusions  and  the  diamond  surface.  Inclusions  fitting  into  such  a  group  are  rare,  look  distinctly 
oxidised  due  to  a  light  brown  colouration  and  give  low  totals  on  electron  probe  analysis.  Without  exception, 
all  other  inclusions  in  which  such  fractures  are  absent,  look  pristine  and  give  good,  consistent  electron  probe 
analyses.  A  number  of  diamonds  containing  inclusions  all  all  types  of  Lower  Mantle  phases  available  were 
selected  and  polished  down  through  the  host  matrix  to  reveal  the  inclusions  on  the  surface.  Analysis  with  BS 
electron  microscopy,  SPM  and  electron  probe  of  fracture  systems  around  inclusions  on  these  polished 
diamond  flats  yield  no  evidence  for  secondary  mineralisation  along  fracture  planes.  Any  material  infilling 
fractures  has  been  identified  as  specific  to  the  preparation  process;  iron  metal  from  girnding,  indium  metal 
from  mounting  and  1/4  pm  diamond  from  the  polishing  process,  or  is  primary  inclusion  material. 

Many  fractures  have  particularly  blunt  terminations  (0.5mm)  indicating  a  high  micro-dislocation  density 
(Main,  1994  pers.  corhipun.)  and  show  evidence  of  annealing  ('augen'  terminations)  without  a  change  in 
cathodoluminescence  wavelength.  Such  features  are  indicative  of  a  regime  of  fluctuating  but  high  pressure 
allowing  modification  of  the  diamond  form  in  response  to  stress  by  localised  dislocation  but  prohibiting 
catastrophic  propagation  of  fractures.  Such  a  situation  is  also  consistent  with  the  scarcity  of  diamonds  with 
large  surface  reaching  fractures;  such  diamonds  would  generally  break  up.  Thus  the  visual  evidence  would 
suggest  that  in  the  cases  of  diamonds  surviving  the  exhumation  process  at  all,  fracture  systems  are 
prohibited  from  allowing  communication  between  inclusions  and  the  external  environment  by  being  purely 
internal. 
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Pressure- Volume  relationships 

Collation  of  literature  data  has  shown  that  there  should  be  a  relative  isothermal  expansion  on  exhumation 
from  250kbar  of  6.8,  5.6,  2.2  and  1.4%  for  fPer,  Grt,  MgSiPvk  and  CaSiPvk  respectively  (Mao  et  al.,  1978, 
Graham  and  Ahrens,  1973,  Mao  et  al.,  1978  and  Mao  et  al.,  1989),  and  a  further  20.1  and  14.54%  if 
inversion  from  perovskite  to  enstatite  and  wollastonite  structures  occurs.  These  data  are  relative  to 
expansion  of  the  diamond  host  of  5.7%  (McSkimin  and  Bond,  1957).  The  thermal  effect  of  contraction  on 
ascent  is  a  less  significant  consideration.  Cell  parameters  of  inclusions  contained  within  their  diamond  hosts 
can  be  determined  by  Debye-Shearer  type  X-Ray  diffraction  using  a  Gandolfi  camera.  Preliminary  work 
using  MoKa  radiation,  on  one  fPer  inclusion,  has  shown  a  change  of  cell  parameter  from  4.188A  to  4.2 19A 
after  release  from  its  diamond  host.  This  suggests  that  the  confining  pressure  on  the  inclusion  was  80kbar, 
and  therefore,  that  33  %  of  the  volume  expansion  on  ascent  from  700km  had  been  retained  despite  internal 
fracturing  and  plastic  deformation  Of  the  diamond.  This  gives  a  quantitive  indication  that  the  diamond  hosts 
are  exceptionally  strong.  Further  study  on  inclusions  of  other  phases  is  being  pursued. 

Stable  Isotope  Signatures 

The  pressure  difference  between  inclusion  and  diamond  due  to  the  difference  in  compressibility  will  be 
dominant  near  to  the  surface  where  any  contamination  is  likely  to  have  a  very  distinctive  crustal  isotopic 
signature  (Harmon  and  Hoefs,  1994).  The  polished  flats  used  in  the  fracture  system  study  have  been 
investigated  for  variations  in  nitrogen  content  and  carbon  isotope  signature.  This  analysis  was  conducted 
using  the  Edinburgh  University/NERC  Cameca  ims4f  ion  microprobe  with  a  Cs+  beam  and  spot  size  of 
15jim.  Calibration  was  acheived  against  a  number  of  synthetic  diamond  blocks.Emphasis  was  placed  on 
analysing  areas  of  varying  cathodoluminescence,  transects  across  inclusion  sourced  fracture  systems  and  the 
terminations  of  both  blunt  and  sharp  fractures.  The  nitrogen  content  was  found  to  be  low,  consistent  with  the 
general  observation  that  Lower  Mantle  diamonds  are  of  Type  II  and  showed  no  marked  variation  from  point 
to  point.  Carbon  isotope  ratios  also  yielded  consistent  values  of  6^C  -2  to  -6  ppt  with  no  obvious  variation 
at  the  termination  points  of  fractures.  This  would  imply  that  healed  fractures  have  either  been  healed  by 
reprecipitation  of  diamond  in  the  same  chemical  environment  as  that  of  its  initial  formation,  such  fractures 
have  been  halted  by  cross  cutting  micro-fractures  or  these  fractures  have  been  annealed  simply  by  internally 
re-zipping  under  an  altered  condition  of  stress  on  exhumation.  The  presence  of  fractures  showing  'augen' 
type  features  would  support  the  re-zipping  suggestion.  In  any  case,  however,  the  ion-probe  evidence 
precludes  any  influx  of  crustal  signature  carbon  and  provides  further  strong  evidence  in  favour  of  the 
inclusions  having  been  kept  free  from  the  influence  of  shallow  earth  chemical  contamination. 

Conclusion 

On  exhumation,  the  diamonds  seem  to  have  seen  a  number  of  fracturing  events,  both  related  and  unrelated 
to  inclusion  expansion,  followed  by  a  period  of  internal  annealing  and  plastic  deformation.  Despite  this 
fairly  active  life,  however,  results,  so  far,  indicate  that  the  Sao  Luiz  lower  mantle  diamonds  have  been 
capable  of  holding  their  inclusions  in  a  state  of  enhanced  pressure  and  have  precluded  any  contamination  of 
inclusions  by  an  environment  distinct  from  that  in  which  they  formed  in  the  Lower  Mantle. 
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THE  PETROLOGY  OF  PRE-OROGENIC  ALKALINE  AND  ULTRAMAFIC  LAMPROPHYRE 
DIATREMES  IN  THE  CORDILLERA  NEAR  GOLDEN,  SOUTHEASTERN  BRITISH  COLUMBIA 


Ijewliw,  OJ.1  and  Pell,  J.A.2 

1  Geological  Survey  of  Canada,  601  Booth  Street,  Ottawa,  ON,  K1A  0E8,  Canada 

2  NWT  Geological  Mapping  Division,  Department  of  Indian  and  Northern  Development,  Box  1500, 
Yellowknife,  NT,  X1A  2R3,  Canada 

Diatreme  breccias  and  dykes  (the  Golden  cluster)  occur  in  five  localities  along  the 
Alberta/British  Columbia  border  between  50  and  90  kilometres  north  of  the  town  of  Golden,  BC;  the 
Bush  River,  Mons  Creek,  Valenciennes  River,  Lens  Mountain  and  Campbell  Icefield  areas  (Figure  1). 
They  are  hosted  by  a  Cambro-Ordovician  carbonate  rock-dominated  sequence  exposed  in  the  Mons 
Thrust  sheet,  Eastern  Main  Ranges  of  the  Rocky  Mountains  (Foreland  Belt).  All  of  the  Golden 
intrusions  have  been  subjected  to  orogenesis.  They  have  been  metamorphosed,  deformed  and 
transported  eastward,  along  with  their  host  strata,  during  the  late  Mesozoic  Columbian  Orogeny.  The 
obvious  effects  of  deformation  vary  according  to  lithology  and  orientation.  Some  breccias  are  massive 
while  others  are  strongly  foliated  parallel  to  the  regional  trend.  Some  dykes  are  boudinaged.  The  HP 
pipe,  near  the  Campbell  Icefield,  and  some  of  the  Bush  River  dykes  are  relatively  unaltered  compared 
to  the  other  three  sites.  Biotite  from  the  HP  pipe  yielded  K-Ar  dates  of  391  +/-12  and  396  +/-  10  Ma 
and  an  Rb-Sr  age  of  391  +/-  5  Ma.  Mica  from  Bush  River  dykes  gave  a  Rb-Sr  age  of  409  +/-  6  Ma 
(Pell,  1994).  These  data  suggest  emplacement  during  Late  Silurian  to  Early  Devonian. 

At  least  four  types  of  breccias  are  present  in  the  Bush  River,  Mons  Creek,  Valenciennes  River 
and  Lens  Mountain  areas:  buff,  sandy  breccias;  brown  to  rusty-weathering  sandy  megabreccias;  rusty 
to  green-weathering  tuffisitic  breccias  with  cognate  and  armoured  xenoliths;  and  light  green,  fine¬ 
grained  tuffisitic  breccias  and  massive  rocks.  They  generally  form  small,  irregularly  shaped  diatremes 
that  rarely  exceed  6  hectares  in  area,  associated  dykes  are  commonly  less  than  2  metres  in  width.  Not 
all  lithologies  are  present  at  each  site  and  mineralogy  is  variable.  Pseudomorphs  of  olivine  and  mica 
occur  with  fresh  spinel  +/-  apatite,  iron  oxides,  sphene,  plagioclase  and  titanamphibole.  Groundmass 
and/or  alteration  minerals  include  serpentine,  carbonate,  talc,  chlorite  and  quartz.  The  sandy  breccias 
can  contain  up  to  40  per  cent  rounded  quartz  xenocrysts.  Trace  amounts  of  microdiamonds  have  been 
recovered  from  the  Lens  Mountain  and  Valenciennes  River  sites.  Dykes  are  also  mineralogically 
varied  and  often  altered;  however,  they  generally  contain  olivine  (commonly  pseudomorphed),  mica 
(biotite/phlogopite)  and  spinel  +/-  clinopyroxene,  amphibole  and  plagioclase.  Calcite,  serpentine, 
chlorite  and  talc  are  common  alteration  minerals;  quartz  was  also  noted.  The  average  composition  of 
nine  analyzed  dykes  is  39.09%  Si02,  11.27%  Al203,  8.47%  Fe203(t),  8.36%  MgO,  13.52%  CaO, 

0.80%  Na^,  1.77%  K20,  210  ppm  Ni  and  500  ppm  Cr.  Although  alteration  makes  classification 
difficult,  the  petrographic  and  geochemical  evidence  (Figure  2)  suggests  that  these  rocks  may  best  be 
classed  as  alkaline  lamprophyres,  although  other  workers  (Fipke,  1989;  McCallum,  1994)  have 
suggested  that  they  have  a  lamproitic  affinity. 

The  HP  pipe,  south  of  the  Campbell  Icefied  is  unique  in  the  Golden  cluster  and  can  be 
classified  as  an  ultramafic  lamprophyre.  It  is  a  composite  diatreme,  comprising  five  breccia 
phases  and  numerous  dykes.  The  breccias  differ  in  clast-to-matrix  ratios,  megacryst  abundances  (black 
salitic  pyroxene/green  chrome  diopside/biotite)  and  the  presence  or  absence  of  phases  such  as  spinel 
and  spherical  structures.  The  breccia  matrix  has  magmatic  texture  and  is  composed  of  calcite,  biotite, 
colourless  or  slightly  bluish  clinoamphibole,  chlorite,  serpentine,  talc  and  pyrite.  Fine-grained 
titanium-bearing  magnetite  and  euhedral,  gold-brown,  zoned  melanite  garnet  are  disseminated 
throughout.  Euhedral  brown-white  melanites  commonly  form  rims  on  spherical  structures.  Larger 
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garnets  occur  with  calcite  segregations  in  clast-  and  autolith-supported  breccias.  The  dykes  are 
generally  fine  grained,  massive  and  mineralogically  similar  to  the  breccias.  The  average  composition 
of  three  dykes  is  35.45%  Si02,  8.37%  A1203,  8.02%  Fe203(t),  11.22%  MgO,  19.24%  CaO,  0.74% 
Na^,  4.26%  I^Q,  190  ppm  Ni  and  670  ppm  Cr  (Pell,  1994). 

Spinels  are  the  primary  igneous  phase  found  in  four  of  the  Golden  cluster  lamprophyres 
(excluding  Lens  Mountain  possibly  due  to  incomplete  sampling).  Their  chemical  compositions  and 
trends  can  be  used  to  elucidate  the  igneous  processes  occurring  during  lamprophyre  formation  and 
emplacement.  The  spinels  are  reddish-brown  in  thin  section  and  occur  both  as  phenocrysts  and 
groundmass  phases.  A  few  spinels  occur  within  olivine  pseudomorphs  at  Valenciennes  River.  They 
plot  within  the  magnesiochromite  quadrant  on  the  base  of  the  spinel  prism  (Cr#  vs  Fe2+#);  however, 
each  site  exhibits  a  characteristic  trend  (Figure  3).  Using  the  interpretation  of  Dick  and  Bullen  (1984), 
the  HP  spinel  compositional  trend  with  increasing  Cr#,  could  be  indicative  of  increased  mantle 
melting.  Positive  correlations  between  Cr#  and  Ti#  (0.69);  Cr#  and  Fe3+  (0.42)  suggest  that 
fractionation  also  occurred.  The  bimodal  Mons  Creek  spinel  population  has  a  lower  Cr#  group  with 
increasing  Cr#  and  Fe2+#  that  is  consistent  with  olivine+plagioclase  fractionation  and  a  higher  Cr# 
group  with  decreasing  Cr#  and  increasing  Fe2+#  that  is  consistent  with  olivine  fractionation  alone. 

This  could  be  the  result  of  two  melting  and  fractionation  episodes.  The  Bush  River  spinel  trend  is 
indicative  of  olivine+plagioclase  fractionation  while  the  Valenciennes  River  spinels  show  very  little 
compositional  variation  (Ijewliw,  1991).  Spinel  compositions  are  useful  tools  for  understanding 
lamprophyre  processes. 
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Figure  2:  Whole  rock  chemical  composition  of 
Golden  cluster  compared  to  lithology 
fields  of  Bergman,  (1987). 


Base  of  Spinel  Prism 


Bullen  (1984)  interpretation. 


Figure  1 :  Location  of  alkaline  and  ultramafic  lamprophyres 
near  Golden. 
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GEOCHEMICAL  AND  MINERALOGICAL  PECULIARITIES  OF 
DIFFERENT-AGE  KIMBERLITES  OF  SIBERIAN  PROVINCE. 
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Within  kimberlite  fields  of  Siberian  province  pipes  and  dykes  of  different  ages  are  known  to 
occur.  F.F.Brakhfogel  has  compiled  a  summary  of  data  on  Siberian  kimberlites  ages.  Based  on 
this  summary,  one  could  compare  1)  Early  and  Middle  Paleozoic  pipes  of  Chomurdakh 
field;  2)  Early  and  Middle  Paleozoic,  Early  and  Middle  Mesozoic  pipes  of  Kuoika  field;  3) 
Early  and  Late  Mesozoic  pipes  of  Kuonamka  fields.  Used  for  comparison  are  most  infor¬ 
mative  indicators  -  Ti,Fe,Al,P  and  K  contents. 

No  regular  changing  of  these  indicators  (from  old  to  young  pipes)  within  individual  field  was 
noted.  A  marked  dependence  of  indicators  not  on  age  but  on  situation  of  pipe  in  certain 
field  (in  certain  point  within  the  province)  has  been  revealed.  For  example,  Kuonamka  kimber¬ 
lites,  in  comparison  to  Kuoika  kimberlites,  are  enriched  with  aluminium  and  potassium;  it  is 
true  for  pipes  belonging  to  any  mentioned  stage.  Kimberlites  of  Chomurdakh  field  occupy  the 
middle  position  in  aluminium  content  between  Kuoika  kimberlites  and  Kuonamka  kimberlites; 
it  is  true  for  pipes  of  both  stage  examined  for  Chomurdakh  field. 

Sometimes  even  the  position  of  a  pipe  at  question  in  definite  part  of  the  field  has  more 
influence  on  chemical  composition  of  kimberlite  than  the  age.  For  instance,  in  Kuoika  field  the 
values  of  100  x  MnO/FeO  ratio  in  kimberlites  of  central  part  vary  from  1.5  to  1.9,  inNEand 
SW  parts  -  within  the  range  of  2.0-2.8;  in  NE  part  of  the  field  high  values  of  Mn/Fe  are  pres¬ 
ent  in  pipes  of  all  stages  studied  -  Middle  Paleozoic  (Vechernyaya  pipe),  Early  Mesozoic 
(Noyabr'skaya)  and  Middle  Mesozoic  (Tokur,  Irina  ,  Muza). 

There  are  also  some  mineralogical  features  common  for  certain  fields.  For  example,  in 
Kuoika  field  abundance  of  fresh  olivine  is  observed  both  in  Middle  Paleozoic  pipes 
(Vtorogodnitsa,  Olivinovaya)  and  in  Middle  Mesozoic  pipes  (Slyudyanka,  Tokur,  Irina, 
Muza).  In  Chomurdakh  field  large  megacrysts  of  ilmenite,  garnet,  diopside  were  found  both 
in  Early  Paleozoic  pipe  Druzhba  and  Middle  Paleozoic  pipe  Chomur. 

It  is  likely  that  some  peculiarities  of  kimberlites  belonging  to  a  certain  field  are  governed 
by  the  peculiarities  of  corresponding  area  of  upper  mantle.  An  individual  deep-seated 
magmatic  reservoir  may  produce  kimberlitic  material  of  practically  constant  composition  repeat¬ 
edly  during  a  long  period  of  time. 
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PLAGIOCLASE-BEARING  LHERZOLITE  XENOLITHS  IN  ALKALI 
BASALTS  FROM  HAMAR-DABAN,  SOUTHERN  BAIKAL  REGION,  RUSSIA 
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Lherzolite  xenoliths  in  Miocene  to  Pleistocene  basalts  from  five  sites  in  the  Hamar-Daban 
range  in  southern  Siberia  (Ionov  et  al.,  submitted)  provide  sampling  of  the  mantle  close  to  the  axis 
of  the  Baikal  rift.  The  xenoliths  from  the  Tumusun  and  Margasan  vocanic  centres  and  two  lava 
flows  in  the  Margasan  river  valley  (Fig.  1)  are  spinel  Iherzolites  that  commonly  have  foliated 
fabrics  and  spongy  rims  around  clinopyroxene  (cpx),  and  many  contain  accessory  feldspar.  The 
feldspar  occurs  in  reaction  zones  adjacent  to  resorbed  spinel  and  orthopyroxene  (where  it  appears 
to  have  been  formed  by  the  reaction:  spl  +  opx  +  cpx  =  fs  +  ol)  and  less  commonly  as  thin, 
irregular  veins.  The  temperature  range  for  the  Hamar-Daban  xenolith  suite  (950-1010°C  and  a 
single  value  of  880°C)  is  more  restricted  than  those  for  spinel  peridotite  xenoliths  from  other 
occurrences  in  the  Baikal  area.  The  feldspar-bearing  Iherzolites  yield  T  estimates  similar  to  or 
slightly  lower  than  feldspar-free  ones.  Xenoliths  from  a  lava  outcrop  near  Slyudyanka  at  Lake 
Baikal  (Fig.  1)  yield  high  T  values  (>1 120°C)  and  show  mineral  zoning  indicating  a  major  heating 
event.  No  amphibole  or  mica  was  found  in  the  samples  studied. 

The  majority  of  the  Hamar-Daban  Iherzolites  are  fertile  and  cpx-rich,  as  for  most  other 
occurrences  in  the  Baikal  region.  Trace  element  compositions  of  selected  xenoliths  and  their 
clinopyroxenes  were  determined  by  ICP-MS,  INAA  and  proton  microprobe.  All  xenoliths 
analysed  are  enriched  in  alkalies  (Fig.  2).  Most  xenoliths  and  their  clinopyroxenes  have  contents 
of  heavy  REE,  Sr  and  Y  common  for  fertile  or  moderately  depleted  mantle  peridotites  but  are 
depleted  in  light  REE,  Nb,  Ta,  Th  and  Ba  and  show  minor  negative  Ti-Zr-Hf  anomalies  (Fig.  2). 
Few  are  moderately  enriched  in  LREE,  Sr,  Th  and  U.  Sr-Nd  isotope  compositions  of  cpx  indicate 
long-term  depletion  (probably  about  2  Ga)  in  incompatible  elements  similar  to  unmetasomatised 
xenoliths  from  other  occurrences  south  and  east  of  Lake  Baikal  (Ionov  et  al.,  1992). 

The  feldspars  have  variable  compositions  but  are  generally  alkali-rich,  some  are  extremely  rich 
in  potassium.  Bulk-rock  enrichment  in  Na,  K  and  Rb  suggests  the  presence  of  about  1%  of 
feldspar,  an  estimate  consistent  with  petrographic  observations.  The  formation  of  feldspar  and  of 
spongy  aggregates  after  clinopyroxene,  and  the  enrichment  in  alkalies  appear  to  be  recent 
phenomena  related  to  infiltration  of  an  alkali-rich,  H20-poor  fluid  into  spinel  peridotites. 

Estimates  of  crustal  thicknesses  in  the  region  (40-45  km)  indicate  pressures  of  about  12  kbar  just 
below  the  crust/mantle  boundary,  i.e.  higher  than  the  upper  limit  of  10-1 1  kbar  for  plagioclase 
stability  inferred  for  fertile  peridotites  at  ~1000°C  (Green  and  Hibberson,  1970).  The  alkali-rich 
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Rock  /  Primitive  mantle 


Fig.  1.  Location  map  of  basaltic  fields  and  xenolith  occurrences  (stars) 
in  the  Hamar-Daban  area  (after  Ionov  et  al,  submitted). 


Fig.  2.  Normalized  (after  Hofmann,  1988)  abundance  pattern  diagrams  for 
bulk-rock  xenoliths  and  a  host  basalt 
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compositions  of  the  feldspars  appear  to  be  responsible  for  their  stability  in  the  uppermost  mantle 
beneath  Hamar-Daban. 

It  can  be  concluded  based  on  the  limited  number  of  mantle  xenoliths  studied  that  the  mantie  in 
northwestern  Hamar-Daban  (between  the  Margasan  and  Tumusun  volcanic  centres  and  lower 
Margasan  river)  has  consistent  characteristics  for  at  least  50  km  across  at  the  depths  sampled. 
Typical  of  this  mantle  domain  is  the  fine  grain  size  and  foliation  of  the  peridotites,  fertile  or 
moderately  depleted  modal  and  major  element  compositions,  the  absence  (or  extreme  paucity)  of 
volatile-bearing  minerals  and  the  ubiquitous  presence  of  intergranular  feldspar  and  spongy 
clinopyroxene.  Equilibration  temperatures  of  the  xenoliths  from  northwestern  Hamar-Daban  are 
not  higher  than  for  those  from  other  occurrences  in  the  region  located  further  from  the  rift  and  are 
well  below  temperatures  expected  for  mantle  diapirs  (Logatchev  and  Zorin  1987).  Our  data  do  not 
indicate  any  significant  differences  between  the  younger  Pleistocene  (1-4  m.y.)  and  the  older 
(probably  “pre-rift”)  Miocene  xenolith  suites.  Therefore,  the  northwestern  Hamar-Daban  area 
appears  to  be  beyond  the  zone  (probably  restricted  to  the  rift  axis)  where  the  recent  active  rifting 
has  significantly  affected  the  lithospheric  mantle.  This  study  and  other  work  on  mantle  xenoliths 
in  the  Baikal  region  (Ionov  et  al.,  1992;  Kiselev  and  Popov,  1992)  found  no  evidence  that  the 
“anomalous  mantle”  beneath  the  BRZ  defined  by  low  P-wave  velocities  immediately  beneath  the 
Moho  (7.7-7.8  km/sec)  consists  of  partially  melted  rocks. 
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EXPERIMENTAL  INVESTIGATION  ON  THE  INTERACTION  OF 
CARBONATE  MELTS  WITH  UPPER  MANTLE  ROCKS. 
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Chernogolovka,  Moscow  district,  Russia. 

Melting  phase  relations  in  the  joins  diopside*2  pyrope*6  enstatite  (DPE)- 
K2CO3  and  fluorphlogopite-K,Na,Ca,Ba-carbonate  have  been  studied  at  20  kbars. 

Experiments  were  run  on  the  piston-cylinder  apparatus.  An  accuracy  of 
temperature  measurements  were  ±10  C,  that  of  pressure  measuremants  ±1  kbar. 

DPE  composition  in  the  subsolidus  region  (1200°C)  interacts  with  K2CO3 
by  the  following  reaction:  Di+2Py+6En+2K2C03=6Fo+4Lc+CaMg(C03)2  (1)  i.e.  as 

a  result  of  the  solid  phase  reaction,  K  concentrates  in  an  alumo-silicate  phase. 
Melting  in  the  join  DPE-K2CO3  (1220-1600°C)  proceeds  with  the  formation  of 

immiscible  silicate  and  carbonate  liquids  coexisting  with  forsterite  (to  about 
35wt%  K2CO3)  and  (or)  leucite  and  calcilite  in  the  subliquidus  region.  No 

complete  partition  of  immiscible  liquids  is  observed  in  the  runs.  Silicate  melt  when 
quenched  yields  glass  with  fine  inclusions  of  a  carbonate  phase  (quenching 
carbonate  liquid).  We  failed  to  perform  satisfactory  microprobe  analyses  of  the 
carbonate  phase.  However,  the  characteristic  low  (<lwt%)  contents  of  SiC>2  and 
AI2O3  have  been  determined  in  the  latter.  This  allowed  to  calculate  compositions  of 
the  carbonate  liquid  from  the  composition  of  coexisting  silicate  liquid  and 
estimate  partition  coefficients  of  the  main  elements  (the  ratio  (wt%)  of  oxide 
concentration  in  the  carbonate  melt  to  that  in  silicate  melt):  KMSD  =0,15-0,3; 

KCaD  =0, 3-0,5;  Kk  d=3-7.  K2O  concentration  in  the  carbonate  liquid  reaches  50 


wt%. 
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Since  reaction  (1)  yields  forsterite,  the  experiments  performed  model  the 
interaction  of  potassium-rich  carbonate  melts  with  lherzolite  assemblage.  At 
temperatures  below  the  silicate  liquid  formation,  alkalies  are  bound  into 
alumosilicate  phases  and  carbon  dioxide  is  bound  into  Ca-Mg  carbonates.  The 
interaction  of  lherzolite  and  alkaline-carbonate  melt  results  in  formation  of  coexisting 
silicate  and  carbonate  melts  (at  higher  temperatures),  whereas  alkalies  preferentially 
concentrate  in  the  carbonate  liquid. 

Experiments  in  the  join  fluorphlogopite  -  K,  Na,  Ca,  Mg,  Ba  -carbonate 
(K2C03-9.8wt%,  Na2C03  -5.4%,  MgCO3-20.3%,  CaCO3-60.1,  BaC03-4.4%) 

showed  that  melting  of  compositions  involving  at  least  to  66  wt%  carbonate  leads  to 
formation  of  homogeneous  melt.  In  case  the  carbonate  content  is  <  50wt%  the  melt 
gets  quenched  into  the  transparent  slightly  opalescent  glass.  At  higher  carbonate 
concentrations,  the  sample  after  the  experiment  is  a  glassy  aggregate  composed  of 
silicate  glass  and  very  fine  carbonate  segregations. 

Results  of  two  experimental  series  when  compared  show  that  in  the  system 
K,Na,Ca,Mg,Al,Si  II  C03',  F*  there  exist  both  the  areas  of  compositions  whose 

melting  results  in  formation  of  immiscible  silicate  and  carbonate  melt  and  areas  of 
homogeneous  melts.  High  fluorine  concentrations  are  characteristic  of  the  latters. 

Taking  account  of  the  crystallochemical  similarity  of  F-  and  OH%  water 
presence  can  be  suggested  to  prevent  the  liquation  of  carbonate-rich  silicate  melt. 

Generation  of  carbonate  melts  is  likely  to  be  related  to  the  oxidation  processes 
of  deep  seated  methane  (CH4+02=C02+H20).  Homogeneous  carbonate-silicate 

melts  of  kimberlite  type  form  in  the  presence  of  water  and  fluorine.  The  long-term 

existence  of  magmatic  chambers  at  high  temperatures  may  lead  to  'disication'  and 

oxidation  of  melts  due  to  the  dissipation  of  hydrogen,  because  at  high 

temperatures  any  magmatic  system  is  virtually  open  for  hydrogen.  A  decrease  in 

water  content  in  the  melt  will  cause  the  appearence  of  immiscible  liquids  which  are 

likely  associated  with  carbonatite  and  lamproite  magmas. 
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DCGF©  METHOD  -  A  NEW  METHOD  FOR  FORECASTING  AND  SEARCH  FOR  DEPOSITS 
OF  DIAMONDS 


I  Tvanov  A.A  lf  Ivanova1  V.I.,  Gubar2  A.Y.,  Luchin1  A. M.,  Moroz1  I. S., 

Stawt  cev1  A .  L . ,  Thvetnov1  A .  V . 

1.  Peleng  Co.  Ltd.,  Moscow, box  8, 117593, Russia 

2.  Marine  Physics  Char,  Lomonosov  State  Univ. ,  Vorobyevy  Gory,  119899, Moscow 

A  method  of  distributed  characteristics  of  the  geochemical  field  (DCGF 
method)  was  developed  by  Russian  geochemist  A.A.  Ivanov  in  the  late  80s  in  the 
process  of  searching  for  relations  between  the  arrangement  of  deposits  of 
mineral  resources  and  characteristics  of  the  geochemical  field  at  a 
significant  distance  from  the  deposits.  Using  an  empirical  approach, 

A.A. Ivanov  revealed  regularities  governing  a  universal  nature  of  the 
previously  unknown  geochemical  phenomenon.  Moreover,  on  the  basis  of  these 
regularities,  he  developed  an  essentially  new  method  for  revealing  deposits 
of  mineral  resources.  The  proposed  technique  is  referred  to  as  the  DCGF 
method.  In  its  essence,  the  DCGF  method  is  a  technique  of  remote 
geochemistry,  which  allows  forecasting  of  the  spatial  location  of  deposits 
relying  on  the  data  of  geochemical  sampling  carried  out  dozens  and  hundreds 
of  kilometres  away  from  these  deposits.  The  DCGF  method  can  be  considered  as 
a  universal  technique  from  several  standpoints: 

-  calculation  algorithms  of  the  method  weakly  depend  on  the  geologic 
structure  and  the  landscape  of  the  studied  area; 

-  the  method  allows  a  construction  of  maps' with  various  scales  from 
1:1,000,000  to  1:50,000  with  various  degrees  of  comprehensiveness  of  deposit 
specification  (up  to  0.5  km2); 

-  one  can  forecast  deposits  of  various  types  of  mineral  resources.  (Up 
to  now,  the  method  has  been  elaborated  only  for  forecasting  of  diamond¬ 
bearing  kimberlites  and  copper-nickel  ores). 

The  DCGF  method  is  cheap,  expeditious,  environmentally  safe,  and  allows  one 
to  make  a  prediction  for,  large  areas  in  short  time.  Furthermore,  the  method 
permits  one  to  reveal  deposits  in  not  easily  accessible  and  closed  regions. 

The  Theoretical  principles  of  Method.  The  DCGF  method  does  not  depend  on 
concepts  of . forecasting  used  in  conventional  geochemical  technologies.  This 
method  is  based  on  the  phenomenon  of  self-organization  (low-entropy 
structuring  of  open  dissipative  and  non-linear  systems)  of  the  field  of 
microelements  whose  separate  regions  prove  to  be  essentially  interrelated  and 
dependent  on  the  location  of  the  deposits.  This  interrelation  is  due  to  self- 
sustained  wave  processes,  which  ensure  the  information-energy  exchange 
between  various  regions  of  the  field.  Self-organization  of  the  field  of 
microelements  is  a  consequence  of  a  complex  of  similar  chemical  reactions 
occurring  in  the  distributed  open  system  of  the  upper  part  of  the  Earth 
crust.  A. M. Turing  was  one  of  the  first  scientists  who  considered  the  problem 
of  description  of  self-sustained  wave  processes  (or  self-organization)  in 
geology  (Turing,  1952)  .  When  studying  a  phenomenon  of  metasomatism,  he  used 
one  of  the  basic  models  (so-called  Brusselator)  of  the  behaviour  of  open 
systems.  In  particular,  this  model  describes  the  waves  of  metasomatism  in  a 
matter  as  a  manifestation  of  self-organization  in  such  systems.  The  DCGF 
method  reveals  another  feature  of  open  distributed  systems,  namely, 
appearance  of  spatially  periodic  and  stable  in  time  structures  referred  to  as 
dissipative  structures.  Characteristics  of  the  field  of  microelements  of 
these  structures  (in  particular,  mean  contents  of  microelements) 
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unambiguously  determine  their  distances  from  the  deposits.  From  the 
mathematical  point  of  view  the  calculation  algorithms  of  the  method  reflect 
the  general  properties  of  non-linear  systems  and  follow  from  the  fractal 
analysis  of  geochemical  field. 

Methods  of  work.  Implementation  of  DCGF  method  involves  following  stages: 

1.  Geochemical  sampling  of  the  area.  Geochemical  sampling  should  be 
performed  in  the  areas,  which  are  situated  uniformly  over  the  area  under 
study.  In  each  area  a  certain  number  of  samples  should  be  selected.  Depending 
on  degree  of  heterogeniousness  of  mineral  composition  of  rocks  under  study  a 
number  of  samples  in  one  group  may  vary  from  25  to  50.  Linear  dimensions  of 
sampling  for  one  group  depend  on  the  scale  of  the  investigation  and  vary  from 
25  to  500  m.  Sampling  should  be  performed  in  bed  rocks  or  in  loose  covering 
deposits.  One  must  avoid  sampling  of  rocks,  which  were  expended  to  frequent 
motions  or  rocks,  polluted  through  technogenious  influence.  Depending  on  the 
size  of  deposit  under  study,  geological  structure  and  scales  of  work,  the 
general  number  of  samples  vary  from  2000  to  first  tens  of  thousands. 

2.  Laboratory  analysis  of  samples.  The  method  is  calibrated  to  utilize 
the  spektral  analysis  data.  In  the  analysis  of  the  sample  we  are  concerned  of 
mean  content  in  complete  volume  of  the  sample  of  the  following  chemical 
elements:  Zr,  V,Nb,Cr,Mo,  W,Mn,Co,Ni,Cu,  Zn,  Sn,  Pb,  Sc,  Y,La,Ga,Li.  In  general  the 
content  at  least  of  7  of  these  elements  must  be  significant  and  mustn' t  be  at 
the  sensitivity  threshold  of  the  analysis. 

3.  Processing  of  the  results  of  the  analysis  and  construction  of  map  for 
geochemical  forecasting  using  algorithms  of  the  DCGF  method.  Computers  and  a 
special  software  are  used  for  processing  of  the  sampling  data.  The  study 
comprises  the  following:  a) Preliminary  processing  of  the  sampling  data; 

b) Definition  of  the  deposit  detection  likelihood  function;  c) Construction  of 
the  forecasting  map. 

DCGF  anomalies,  that  can  .be  found  on  the  geochemical  forecasting  map,  are  the 
areas  of  possible  locations  Of  deposits  over  the  territory  investigation. 

Seme  results  of  the  investigation.  Up  to  now,  regional  and  local  forecast  of 
deposits  of  diamonds,  using  the  DCGF  method  was  carried  out  in  Yakutia 
diamond-bearing  province,  South  of  Kolskii  peninsula  and  Northern  Kazakhstan. 
The  main  volume  of  work  was  carried  out  in  the  South  of  Yakutia  diamond¬ 
bearing  province,  where  over  the  area  of  more  than  400.000  km2  were  sampled 
more  than  25.000  geochemical  samples  and  construction  of  map  using  the  DCGF 
method  was  performed  in  a  large  range  of  scales  from  1:1.000.000  to  1:50.000. 
During  the  construction  of  the  maps,  successive  approximations  method  was 
used:  the  large-scale  maps  of  DCGF  were  constructed  for  anomalous  areas, 
observed  on  small-scale  forecasting  maps  of  DCGF. 

Regional  survey  using  DCGF  method  was  performed  in  Yakutia  diamond¬ 
bearing  province  and  based  on  the  maps  of  scales  1:1000.000  and  1:500.000. 

This  survey  has  the  aim  to  determine  efficiency  of  the  method  for  forecasting 
of  kimberlitic  objects  of  different  classes  (from  kimberlitic  region  to 
ensemble  of  kimberlitic  bodies) .  Performed  geological-metallogenic  analysis 
of  maps  of  DCGF  anomalies  resulted  in  following  main  regularities: 

On  the  maps  of  a  scale  1:1000.000  DCGF  anomalies  present  large  and 
medium  kimberlitic  fields,  and  at  scale  1:500.000  they  present  small 
kimberlitic  fields  and  ensembles  of  kimberlitic  bodies.  The  area  of  anomalies 
doesn't  exceed  5%  of  all  area  under  study.  At  the  same  time  the  areas  of 
kimberlitic  fields  and  DCGF  anomalies  related  to  them,  are  commensurable,  and 
all  large  deposits  of  diamonds  are  located  within  these  anomalies.  It  must  be 
mentioned  that  the  same  DCGF  anomalies  can  be  traced  through  maps  of 
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different  scales  (1:1000.000  and  1:500.000),  using  different  initial  data 
(different  geochemical  samples,  different  places  of  sampling) .  Trapp  fields, 
which  are  widely  spread  over  this  territory,  were  not  detected  by  the 
regional  DCGF  anomalies,  therefore  one  can  suppose  high  efficiency  of  using 
of  the  DCGF  method  for  work  in  the  areas,  covered  by  trapp  bodies. 

Survey  for  investigation  of  the  opportunities  of  using  of  the  DCGF 
method  for  local  forecasting  of  deposits  of  diamonds  were  performed  at  scales 
from  1:200.000  to  1:50.000  in  six  areas,  which  differed  from  each  other  by 
age  and  attachment  of  indications  of  kimberlitic  magmatic  activity,  and  also 
by  geological  structure  of  areas  and  genesis  of  potential  diamond-bearing 
objects.  Four  of  them  are  situated  in  Yakutia  diamond-bearing  province,  the 
5-th  -  on  the  South  of  Kolskii  peninsula,  where  also  are  diamond-bearing 
kimberlites,  and  the  6-th  -  in  Northern  Kazakhstan,  where  the  known  diamond¬ 
bearing  objects  are  connected  with  metamorphic  rocks.  In  general,  analysis  of 
the  results  of  surveys,  performed  in  the  kimberlitic.  deposits  resulted  in 
DCGF  anomalies  distribution: 

DCGF  anomalies  show  more  than  60%  of  known  kimberlitic  bodies  and  the 
most  large  and  diamond-bearing  kimberlitic  bodies  are  in  accordance  with  the 
most  intensive  DCGF  anomalies.  Anomalies  of  scale  1:200.000  are  related  to 
groups  and  ensembles  of  kimberlitic  bodies.  The  general  area  of  anomalies 
vary  from  3-5%  of  scale  1:200.000  to  1-2%  of  scales  1:100.000-1:50.000  from 
general  area  of  the  deposits.  Kimberlitic  dices  at  any  of  these  three  scales 
cannot  be  detected  by  the  DCGF  anomalies. 

Some  kimberlitic  bodies,  covered  by  sedimentary  thickness  and  trapp 
covers,  are  displayed  on  DCGF  maps,  at  the  same  time  the  DCGF  anomalies  don't 
detect  trapp  covers  and  it  evidently  proves  the  connection  of  DCGF  anomalies 
with  kimberlitic  bodies,  independently  of  presence  of  other  rocks. 

In  comparison  with  kimberlitic  deposits-,  the  deposit  in  Northern 
Kazakhstan  is  complicated  enough  from  the  geological  and  structural-tectonic 
point  of  view.  It  is  particularly  interesting,  because  diamonds  were  found 
there  in  grafitic  gneises  and  eclogiutes,  guarts-tremolitic  rocks  and 
carbonatites,  related  to  them.  DCGF  anomalies  map  of  scale  1:100.000  was 
constructed,  using  geochemical  sample  analysis  data,  which  were  chosen  from 
the  core,  obtained  from  reconnaissance  wells.  During  the  map  construction, 
nearly  10  DCGF  anomalies  were  detected.  Four  of  them,  which  were  the  most 
intensive,  detected  six  of  eight  diamond-bearing  objects. 

Conclusion .  The  DCGF  method  is  under  development.  Unsolved  problems  exist  in 
evaluation  of  theoretical  principles  and  in  technology.  But  in  general  the 
results  of  the  performed  surveys  showed  the  high  efficiency  of  the  method  in 
economical  and  geological  search  aspects.  At  stage  of  regional  surveys,  this 
method  allows  to  guickly  and  easily  obtain  estimates  of  diamond-bearing  of 
large  areas.  First  of  all  it  concerns  not  easily  accessible  and  closed 
regxons.  It  is  appropriate  to  use  the  DCGF  method  for  purposeful  survey,  what 
will  give  an  opportunity  to  save  money  and  to  raise  the  efficiency  of 
geophysical  exploration  and  drilling. 

At  stage  of  local  forecasting  and  search,  this  method  will  allow  to 
localize  prospective  areas,  especially  those,  where  the  search  is  complicated 
due  to  the  presence  of  trapp  covers  and  sedimentary  rocks.  This  method  is 
irreplaceable  for  search  of  non-magnetic  kimberlitic  bodies. 

The  method  is  very  perspective  and  we  hope,  that  its  development  and 
using  will  help  to  the  development  of  sciences  of  Earth  in  general. 

Turing  A.M.,  Proc.  Roy.  Soc.  B.,  1952,  V.237,  P.37-71. 
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Introduction 

Subcalcic  garnets  of  distinct  purple  colour  are  found  as  single  grains  in  heavy  mineral 
concentrates  from  kimberlites  and  lamproites,  as  inclusions  in  diamond  and,  more  rarely,  in 
harzburgitic  or  dunitic  xenoliths  (Sobolev,  1977). 

Their  worldwide  distribution  and  strong  association  with  the  occurrence  of  diamond  makes  them 
extremely  interesting  as  an  indicator  mineral  in  diamond  prospection  work,  as  well  as  objects  of 
scientific  study  in  the  attempt  to  clarify  the  genesis  of  diamond. 

The  garnets  are  geochemically  characterised  by  their  low  CaO-content  (typically  less  than 
3  wt%)  together  with  variably  high  Cr203-contents  of  5  to  >10  wt%  (Sobolev,  1977).  It  has  been 
shown  that  the  unusually  low  Ca-concentrations  in  the  garnets  exclude  a  paragenesis  with 
clinopyroxene  (Boyd  and  Gurney,  1982,  Sobolev  et  al.,  1973,  1969)  which  makes  them  very 
unusual  for  the  generally  lherzolitic  mantle. 

Suggestions  for  the  origin  of  subcalcic  garnets  range  between  two  opposing  views,  one  of  them 
proposing  an  origin  within  the  mantle  (e.g.  Boyd  and  Gurney,  1982,  Boyd  et  al.,  1993,  Pearson 
et  al.,  1995,  Richardson,  et  al.,  1984)  as  residues  of  komatiite  formation  in  the  Archean 
overprinted  by  several  metasomatic  events,  while  the  other  one  favours  an  origin  related  to 
subduction  (e.g.  Bulatov  et  al.,  1991,  Schulze,  1986;  Canil  and  Wei,  1992,  Ringwood,  1977) 
Geochemical  evidence  shows  that  at  least  two  stages  are  needed  to  explain  the  subcalcic  garnets, 
one  causing  a  strong  depletion  in  basaltic  elements,  and,  secondly,  an  enrichment  event  which 
affected  the  REE  resulting  in  negative  ejMd-values.  Based  on  Nd-model  ages,  both  of  these  events 
are  thought  to  have  happened  in  the  Archean  Richardson  et  al.,  1984).  However,  peridotitic  garnet 
inclusions  in  diamond  from  Mir,  Yakutia,  have  been  reported  to  be  strongly  chemically  zoned 
(Sobolev  and  Shimizu,  1993),  e.g  showing  Sr-concentrations  between  535  and  2.6  ppm  in  a 
single  grain,  suggesting  growth  shortly  before  entrapment  in  the  host  kimberlite. 

In  this  study  we  have  analysed  30  subcalcic  garnet  grains  weighing  each  between  about  2  and 
14  mg  extracted  from  heavy  mineral  concentrates  from  kimberlites  of  the  Daldyn-Alakit 
(Udachnaya)  and  Malo-Botuobiya  districts  (23.  Party  Congress  pipe)  in  Yakutia,  Siberia. 

A  small  fraction  from  each  single  grain  was  analysed  for  major  elements,  while  the  remaining 
major  part  of  the  grain  was  processed  for  Sr,  Nd  and  Pb  isotopes.  In  this  way  we  obtained 
combined  major  element  and  isotopic  data  on  single  minerals,  enabling  us  to  observe 
heterogeneities  within  the  population  of  subcalcic  garnets  from  one  locality. 

Results 

The  garnet  suite  spans  a  range  of  0*203  concentrations  between  4.86  and  12.63  wt%  with 
CaO  contents  of  0.82  to  5.65  wt%.  Strontium-concentrations  vary  between  0.7  and  15.6  ppm,  a 
rather  restricted  range  compared  to  data  of  up  to  37.97  ppm  (Pearson  et  al.,  1995)  or  52.1  ppm 
(Jagoutz  unpubl.  data)  for  subcalcic  garnets  from  diamondiferous  harzburgites  from  Siberia.  Cl- 
normalised  Sm/Nd-ratios  are  between  0.154  and  2.585. 

Initial  143Nd/144Nd-ratios  between  0.51012  and  0.51210  (-41  to  -2  e)  and  initial  87Sr/86Sr-ratios 
of  0.7065  to  0.72501  cover  a  wide  range  and  plot  far  off  the  mantle  array.  No  significant 
differences  in  terms  of  Sr  and  Nd  isotopic  ratios  could  be  observed  between  subcalcic  garnets  from 
diamond  inclusions  and  those  from  heavy  mineral  concentrates  and  harzburgites  as  was  implied  by 
Richardson  et  al.  (1984).  ^Pb/^Pb-ratios  range  between  18.21  and  23.57,  thus  cover  a  range 
to  the  right  of  the  Geochron  reaching  further  than  the  OIB-defined  "HIMU"-field.  Although  there 
is  no  systematic  relationship  between  Nd-  and  Sr-isotopes,  the  garnets  exhibit  positive  correlations 
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between  87Sr/86Sr  and  Cr-,  Mn-  and  Fe-concentration  (Fig.l).  These  trends  cannot  be  explained 
by  any  usual  geochemical  process  such  as  fractionation  of  partial  melting. 


Cr  (Cations)  Mn  (Cations)  Total  Fe  (Cations) 

Fig.l  A  well  defined  positive  correlation  between  Cr  and  87Sr/86Sr  ratios  has  been  observed  in 
the  garnet  suite  (Fig  la),  Mn  (Fig  lb)  and  Fe  (Fig  lc)  also  yield  positive  trends  with  87Sr/86Sr. 

Discussion 

Subcalcic  garnets  from  Siberia  and  South  Africa  show  similar  geochemical  characteristics  (e.g. 
similar  range  of  Sr-  and  Nd-isotopic  ratios),  implying  a  related  petrogenetic  history,  although  some 
specific  differences  are  present  (e.g.  Sr  concentrations).  Judging  from  the  similarity  of  the  two 
garnet  populations  from  the  Kaapvaal  craton  and  the  Siberian  platform,  the  existence  of  subcalcic 
garnets  beneath  cratons  worldwide  may  be  linked  to  a  globally  similar  petrogenetic  process. 
Although  the  low-Ca  character  of  the  garnets  is  compatible  with  strong  depletion  of  garnet 
harzburgite  during  e.g.  komatiite  extraction  (e.g.  Boyd  and  Gurney,  1982,  Richardson  et  al., 
1984),  some  of  the  garnets  show  high  Sr  isotopic  values  (<  0,75510),  which  cannot  be  explained 
by  this  process  nor  develop  in  situ,  since  Rb/Sr  ratios  of  garnets  (as  of  mantle  material  in  general) 
are  too  low  (<  0.007,  on  average  0.001).  The  highly  radiogenic  values  thus  require  either  mixing 
of  the  garnet  with  a  component  with  high  Sr  isotopic  ratio,  or  growth  of  the  garnets  from  a 
reservoir  with  high  Rb/Sr  ratio.  Assuming  typical  Kj/s  for  Sr  between  garnet  and  melt  of  <0.02,  it 
would  be  necessary  to  generate  the  most  radiogenic  garnet  from  a  reservoir  with  >780  ppm  Sr, 
which  would  also  to  be  required  to  have  had  >934  ppm  Rb  to  change  the  87Sr/86Sr  ratio  from 
mantle  values  to  the  observed  value  of  0.75510  given  the  time  constraints  outlined  by  Richardson, 
et  al.  (1984)  (Nd-model  age  of  3.5  Ga).  This  process  therefore  seems  unlikely  to  us,  whereas 
evidence  is  in  favour  of  a  mixing  event  with  a  crustal  derived  high  87Sr/86Sr  endmember,  since 
some  of  the  garnets  show  a  negative  correlation  of  87Sr/86Sr  ratios  with  Sr-concentrations. 

Based  on  our  data,  we  propose  the  subcalcic  garnets  to  be  derived  from  old  lithospheric  material  of 
lower  pressures,  possibly  spinel  lherzolite  or  spinel  harzburgite,  that  was  brought  to  depth  of  the 
diamond  stability  field  where  the  subcalcic  garnets  formed  and  experienced  some  minor 
metasomatic  overprint  which  produced  e.g.  high  87Sr/86Sr  in  some  of  the  garnets.  The  origin  of 
the  subcalcic  garnets  of  Yakutia  might  be  linked  to  that  of  the  diamondiferous  eclogites  (Jacob  et 
al.,  1994),  in  that  the  garnets  might  originate  from  the  lithosphere  of  the  "subducted"  Archean  slab 
of  oceanic  crust. 

Lead  isotopes  of  subcalcic  garnets  as  prospection  tool 

Lead  isotope  analyses  of  the  single  garnet  grains  yield  an  isochron  in  207Pb/204Pb  -  206Pb/204Pb 
space  (Fig.  2)  which  dates  the  emplacement  of  the  host  kimberlite  (350  Ma:  Davis,  1978,  Sobolev 
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et  al.,  1993).  This  age  was  also  obtained  by  dating  garnets  from  a  suite  of  diamondiferous 
eclogites  from  the  same  kimberlite  pipe  (Jacob  et  al.,  in  prep.)  with  this  method. 

Lead-Lead  dating  of  garnets  from  heavy  mineral  concentrates  could  develop  to  be  a  reliable  method 
in  prospection  for  kimberlites  and  in  determining  the  provenance  of  alluvial  garnets  and  diamonds. 


206pb/204pb 

Fig.  2  The  single  Siberian  subcalcic  garnet  grains  give  the  age  of  the  host  kimberlite  in  a 
207Pb/204Pb  vs.  206Pb/204Pb  plot.  (Solid  circles:  subcalcic  garnets,  solid  square:  Udachnaya 
kimberlite,  Geochron,  HIMU  and  MORB  fields  for  reference) 
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Discovery  of  a  new  type  of  highly  diamondiferous 
kimberlitic  rock  in  the  Janies  Bay  Lowlands,  northern 
Ontario,  Canada 

by  A  J.A.(Bram)  Janse,  Neil  A.  Novak  and  Donald  A.  MacFadyen 
KWG  Resources  Inc.,  Montreal  and  Toronto 

A  new  type  of  highly  diamondiferous  kimberlitic  rock  was 
discovered  in  the  1993/94  winter  drilling  season  by  KWG  Resources,  a 
diamond  and  gold  explorer  based  in  Montreal,  Quebec.  The  occurrence 
is  located  under  a  small  lake,  newly  named  Kyle  Lake,  appoximately  15 
km  north-northwest  of  Missisa  Lake,  the  largest  lake  in  the  James  Bay 
Lowlands. 

Two  similar  occurrences  have  been  found  on  land  at  the  end  of  the 
1994/95  winter  drilling  season  in  the  same  general  area.  The  discoveries 
are  part  of  an  on-going  program  of  low-level  airborne  magnetic 
surveys,  helicopter  and  ground  magnetic  surveys,  followed  by  drilling 
on  selected  targets.  All  three  occurrences  are  buried  under  glacial 
overburden  and  Palaeozoic  limestones  varying  from  130  m  to  30  m. 

The  Hudson  Bay  Lowlands  along  the  southern  margin  of  Hudson 
Bay,  and  the  James  Bay  Lowlands  to  the  west  of  James  Bay  are  the  on- 
land  portion  of  the  Hudson  Bay  Platform.  This  is  a  large  shallow  basin 
of  about  1  million  km2  filled  by  mainly  Palaeozoic  and  some  Mesozoic 
sedimentary  rocks  which  overlie  parts  of  the  Precambrian  basement  of 
the  Superior  Province,  the  Trans  Hudson  Orogen  and  the  Hearne  and 
Rae  Provinces.  Most  of  the  platform  is  submerged  below  the  waters  of 
the  Hudson  Bay  and  its  southern  appendix,  James  Bay. 

The  James  Bay  Lowlands  lie  between  82°  and  86°  W  and  50°  and 
54°  N  and  extend  for  about  300  km  west  of  James  Bay  from  sealevel  to 
about  200  m  altitude.  It  forms  a  sub-arctic  region  of  flat,  poorly- 
drained  land  covered  by  sparse,  low  forest,  muskeg,  swamps,  string 
bogs,  few  rivers,  some  small  lakes  and  one  large  lake,  Missisa  Lake. 
The  geological  framework  is  formed  by  a  succession  of  up  to  800  m  of 
limestones,  dolostones,  sandstones  and  shales,  all  of  a  shallow  marine 
facies  from  Middle  Ordovician  to  Upper  Devonian  in  age,  deposited  in 
the  Moose  River  Basin.  The  youngest  rocks  are  non-marine  Lower 
Cretaceous  sandstones  in  the  southern  part  of  the  basin,  discordantly 
overlying  the  earlier  formations  and  overlapping  on  to  the  Archaean 
basement  along  the  southeastern  border. 

The  northern  border  of  the  Moose  River  Basin  is  formed  by  the 
Cape  Henrietta  Arch  in  which  Archaean  granitic  rocks  outcrop  as  inliers 
in  the  Sutton  Hills.  The  Palaeozoic  and  Mesozoic  formations  are  covered 
by  glacial  deposits  from  nil  to  150  m  in  thickness. 
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The  tectonic  framework  is  a  Palaeozoic  platform  overlying  a 
basement  of  Archaean  granite-greenstone  and  gneisses  forming  part  of 
the  northern  margin  of  the  Superior  Archon.  The  platform  sediments 
have  been  preserved  by  downwarping  and  block  faulting  of  the 
basement  in  a  post-Upper  Devonian/pre-Lower  Cretaceous  episode  in 
which  slightly  tilted  fault  blocks  expose  Archaean  rocks  or  Palaeozoic 
limestones  at  surface  whereas  at  other  places  basement  lies  at  at  least 
200  m  below  surface. 

Magmatic  activity  is  known  in  the  southern  part  of  the  platform 
and  in  the  adjacent  part  of  the  exposed  Archaean  basement  from  two 
ages  of  carbonatite  intrusion  at  1700  and  1100  Ma  and  from  the 
occurrence  of  melilite-rich  ultramafic  lamprophyric  sills  and  dykes  near 
Coral  Rapids  exposed  in  the  banks  of  the  Abitibi  River  and  buried 
alnoitic  diatremes  in  the  Ridge  River  area  about  30  km  north  of  Hearst 
(Janse  et  al,  1989).  The  age  of  intrusion  of  these  melilitic  rocks  is 
between  180  to  150  Ma,  similar  to  the  age  of  the  kimberlites  in  the 
Kirkland  Lake  area,  located  about  250  km  south  of  the  James  Bay 
Lowlands,  which  are  related  to  the  Temiskaming  Graben. 

The  geomorphology  of  the  region,  i.e.  low-energy  streams  in  a 
poorly  developed  drainage  pattern,  is  not  suitable  for  alluvial  heavy 
mineral  stream  sampling,  so  that  low-level  airborne  magnetic  surveying 
was  used.  Donald  MacFadyen,  assisted  by  Scott  Hogg  and  Steve  Munro, 
was  responsible  for  the  interpretation  of  magnetic  data  and  the  selection 
of  drill  targets. 

A  field  of  15  kimberlite  pipes  was  discovered  in  1988  by  Monopros 
(De  Beers  exploration  company  in  Canada)  along  the  middle  course  of 
the  Attawapiskat  River  at  about  52°52’  N,  82°57’W,  some  of  which  are 
apparently  diamondiferous.  Determination  of  their  age  of  intrusion  is  in 
progress,  their  geological  age  is  post-Upper  Devonian  and  probably 
Mesozoic  in  the  range  of  180  to  150  Ma.  One  kimberlite  is  exposed  in 
the  bed  of  the  Attawapiskat  River,  whereas  the  others  are  buried  under 
glacial  overburden  varying  from  30  m  to  50  m.  Their  size  varies  from 
75  m  to  150  m  in  diameter.  KWG  Resources  has  discovered  to-date  two 
additional  kimberlites  in  the  same  area. 

At  first  one,  and  very  recently  two  more  buried  kimberlite-like 
pipes  were  found  by  KWG  Resources  in  an  area  north-northwest  of 
Missisa  Lake  over  100  km  west  of  the  Attawapiskat  field.  Their 
geological  age  is  pre-Middle  Ordovician,  determination  of  their 
radiometric  age  is  in  progress.  The  pipes  are  buried  under  glacial 
deposits  and  Palaeozoic  limestones/dolomites,  varying  from  130  m  to  30 
m  in  combined  thickness. 

Drill  core  specimens  have  been  studied  by  several  petrologists  and 
consensus  as  to  exact  petrological  classification  has  not  been  reached 
Conclusions  vary  from  alnoite  to  strongly  altered  contaminated 
kimberlite. 
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In  thin  section  the  rocks  show  small  clinopyroxene  crystals  in  the 
groundmass,  olivine  in  two  generations,  phlogopite  and  poorly 
crystallized  andradite  which  is  apparently  a  late-stage  alteration  product. 
Visual  inspection  of  drill  core  shows  1)  a  complex  dark-coloured 
kimberlitic  diatreme  rock  containing  half  digested  garnet  peridotite 
inclusions  as  well  as  numerous  half  digested  granite  and  gneiss 
fragments;  2)  a  pink  granite/”kimberlite”  diatreme  breccia,  intersected 
by  3)  a  late-stage  light-coloured  carbonate-rich  “kimberlite”  in  small 
dykes  and  sills.  Heavy  mineral  concentrates  contain  chrome  pyrope 
(G10  with  the  typical  methylated  spirits  colour),  chrome  diopside  and 
chromite. 

Determination  of  the  diamond  content  through  fusion  with  a  strong 
base  has  shown  that  the  Kyle  Lake  pipe  1  contains  high  grade  portions, 
the  best  one  being  22  kg  containing  63  stones  (23  over  0.5  mm);  their 
combined  weight  would  correspond  to  a  grade  of  more  than  8  carats  per 
tonne.  As  of  April  4th,  1995,  a  total  of  370  diamonds  have  been 
recovered  from  283  kg  of  rock;  their  combined  weight  would 
correspond  to  a  grade  of  1.59  carats  per  tonne.  It  should  be 
noticed  that  these  grades  are  very  preliminary,  based  on  small  samples 
and  on  total  diamond  content  and  not  on  only  commercial-sized  stones. 

However,  79  of  the  total  370  diamonds  were  more  than  0.5  mm  in 
size  and  21  of  these  were  in  excess  of  0.8  mm,  including  2  of  more  than 
2  mm.  Two  tonnes  of  drill  core  from  Kyle  Lake  pipe  1  have  been 
extracted  by  Ashton  Mining  of  Canada  Inc.  during  evaluation  drilling 
completed  in  early  March  and  will  be  processed  in  the  next  few  months. 
Results  of  analyses  of  the  heavy  minerals  recovered  by  KWG  Resources 
from  this  pipe  are  not  yet  available  at  the  time  of  writing  this  abstract, 
but  are  probably  known  by  the  time  of  the  conference. 

No  results  of  preliminary  diamond  content,  mineralogy  or  mineral 
chemistry  are  yet  known  from  the  recently  discovered  Kyle  Lake  pipes 
2  and  3.  Drilling  will  continue  in  the  summer  season  from  the  end  of 
May  and  will  probably  discover  additional  Kyle  Lake-type  pipes. 

It  can  be  concluded  that  KWG  Resources  has  found  a  new  highly 
diamondiferous  “kimberlitic”  province  with  a  good  possible  economic 
potential  and  an  academically  interesting  problem  in  petrology. 
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The  Miocene  Hegau  volcanic  field  in  southern  Germany  situated  60  -  70  km  east  of  the 
Rhinegraben,  is  part  of  the  Tertiary- Quaternary  extension-related  magmatic  province  of 
western  and  central  Europe.  Magmatism  in  the  European  continental  rift  zone  exhibits  a 
strong  bimodality.  The  erupted  magmas  in  the  Hegau  comprise  silica-poor,  Ni-  and  Cr-rich 
olivine-melilititQS,  the  intermediate  deckentuff-series  and  phonolites. 

The  petrogenesis  of  fractionated  alkaline  melts  (trachytes,  phonolites,  alkali-rhyolites) 
within  continental  riftzones  is  still  controversial  (e.g.  Wilson  and  Downes  1991,  Wedepohl 
et  al.  1994).  In  some  riftzones  the  evolution  of  the  lavas  can  be  related  to  processes  of  low 
pressure  fractional  crystallization,  in  others  more  complex  models  have  to  be  involved.  To 
shed  light  on  the  petrogenesis  of  the  Hegau  volcanic  field  as  an  example  for  European  rift 
zone  volcanism  we  determined  the  bulk  rock  and  mineral  chemistry  of  the  volcanics  and 
the  isotopic  composition  of  hornblende  and  clinopyroxene  mega-  and  phenociysts. 

High  concentrations  of  Ni  (300  -  500  ppm),  Cr  (700  -  1500  ppm),  Mg- numbers  above  0.72 
and  strongly  fractionated  REE  patterns  (La/Yb  37)  as  well  as  the  isotopic  composition 
demonstrate  the  primitive  character  of  the  olivine  melilitic  magmas  and  render  them  likely 
candidates  for  primary  melt  compositions.  Chemically  the  deckentuff  magmas  form  a 
differentiation  trend  with  the  olivine  melilitites  which  does  not  extend  to  the  phonolites. 

The  phonolites  have  Mg-numbers  below  0.30  and  Ni  and  Cr  contents  below  detection  limit. 
Compared  to  olivine  melilitites  they  are  enriched  in  the  incompatible  elements  U,  Th,  Pb, 
Cs,  Ba,  Ga,  Hf,  Zr  and  HREE,  but  depleted  in  LREE  (La  -  Dy). 

Comparison  of  the  chemical  composition  of  amph  and  cpx-megaciysts  with  experimentally 
determined  amph  and  cpx  compositions  (Brey  and  Green  1977,  Keller  1978)  in  olivine 
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melilititic  systems  led  to  an  estimated  pressure  of  crystallization  of  ~2.5  GPa  for  the 
megacrysts  in  the  olivine  melilitites  and  ~2.0  GPa  in  the  deckentuffs.  The  amph  and  cpx- 
megaciysts  as  well  as  the  phenocrysts  show  a  strong  differentiation  trend  with  increasing 
of  Al,  Fe,  Ti  and  Na  and  decreasing  Si,  Mg  and  Cr  (Fig.  1). 

Differences  in  megacryst  and  phenocryst  compositions  (the  megacrysts  show  generally 
higher  concentrations  of  Si,  Al  and  Na  and  lower  concentrations  of  Ca  and  Ti)  are  due  to 
the  difference  in  crystallizing  pressure.  Isotopically  the  megacrysts  appear  to  be  in 
equilibrium  with  the  phenocrysts  (Fig.  2). 
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Fig.  1:  AI2O3  (wt.%)  vs.  Mg-Number.  The  filled  symbols  represent  megacrysts,  the  open 
symbols  phenocrysts.  A  fractionation  trend  towards  Al-rich  compositions  is 
apparent. 

The  genesis  of  deckentuffs  can  be  explained  with  a  model  involving  fractional 
crystallization  of  ol,  cpx,  amph  from  an  olivine  melilititic  magma.  However,  there  are 
isotopic  differences  between  the  deckentuffmagmas  and  the  olivine  melilitites  (higher 
143Nd/144Nd)  which  may  be  explained  by  contamination  in  a  heterogeneous  mantle. 
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The  phonolites  have  high  and  variable  87Sr/8^Sr  ratios  (Fig.2)  which  points  to 
contamination  by  young  felsic  crust.  Thus,  the  phonolites  may  have  developed  by 
fractional  crystallization  of  magnetite,  apatite  ±  perovskite  from  a  highly  differentiated 
deckentuff  magma  at  shallow  crustal  levels.  Magma  mixing  with  phonolite  is  indicated  in 
some  deckentuff  localities  by  pyroxenes  with  aegirine  cores  and  Ti-augite  rims,  by  two 
populations  of  groundmass  spinels  (Mn-rich  and  Mn-poor)  and  by  elevated  Sr-Isotopes. 
The  petrogenesis  of  the  Hegau  volcanics  thus  involves  partial  melting  at  depths 
corresponding  to  about  2.7  GPa,  fractional  crystallization  and  contamination  within  the 
mantle,  and  fractional  crystallization,  contamination  and  magma  mixing  at  crustal  levels. 


Fig.  2:  Variations  in  143Nd/144Nd  and  87Sr/86Sr  of  volcanic  rocks  from  the  Hegau. 
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DIAMONDS  FROM  THE  KIMBERLITES  OF  SOUTHEASTERN  RAIPUR 
KIMBERLITE  FIELD,  RAIPUR  DISTRICT,  MADHYA  PRADESH,  CENTRAL  INDIA 
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Pooley3, Gregory  D. 
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University,  Raipur  192001,  M.P.,  India 

2.  CRA  Exploration  Pty.  Ltd.,  P.O.  Box  175,  Belmont,  Western  Australia  6104 
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Nedlands,  Western  Australia  6907 

The  Occurrences 

Three  diamond  bearing  kimberlites  viz.,  Payalikhand  - 1,  Payalikhand  II  and 
Bahradih  and  numerous  non-diamondiferous  ones  have  been  located  since  1988 
in  the  Southeastern  Raipur  Kimberlitic  Field  (SRKF),  in  the  Raipur  District  of  the 
state  of  Madhya  Pradesh  in  Central  India  (Chatterjee  et  al.,  1995).  This  is  a 
breakthrough  discovery  in  the  Central  part  of  peninsular  India  known  for  many 
centuries  for  its  alluvial  diamonds  from  the  gravels  of  the  Mahanadi  river  valley. 
While,  both  diatreme  and  hypabyssal  facies  kimberlitic  rocks  occur  in  SRKF,  the 
only  diamondiferous  ones  are  certain  of  the  diatreme  facies  occurrences.  Most  of 
the  kimberlitic  pipes  have  been  eroded  by  at  least  some  150  to  300  m  since 
emplacement.  Diamonds  have  also  been  recovered  from  secondary  sources, 
some  of  which  can  be  traced  to  individual  kimberlitic  bodies  in  the  SRKF.  Every 
known  diamond  occurrence  is  being  exploited  by  local  diggers  who  are  working 
both  the  colluvial  scree,  which  overlies  the  pipes,  and  the  nearby  stream  gravels. 

The  Diamonds 

Diamonds  from  all  the  sources  in  the  SRKF  strongly  resemble  each  other, 
varying  from  clear  white  gems  to  light  yellow  to  grey,  to  intensely  brown,  sometimes 
rich  in  graphite  inclusions.  No  bulk  sampling  has  been  done  yet,  but  local  diggings 
indicate  that  approximately  30%  to  50%  of  the  diamonds  are  gem  quality. 
Morphologically,  both  regular  planar  octahedrons  and  more  resorbed  octahedra- 
dodecahedra  curved  forms  occur.  Macles  and  aggregates  are  common. 
Transparent  macro  diamonds  are  more  numerous  than  frosted-surface  ones.  Lots 
of  diamonds  show  etch  channels.  More  than  10%  of  the  diamonds  recovered  by 
the  local  diggers  are  greater  than  1  ct  in  weight,  the  largest  reportedly  recovered 
from  the  area  by  the  locals  being  up  to  202  ct. 

Microdiamonds  recovered  from  the  kimberlites  show  less  resorption  and  are 
predominately  white  or  occasionally  brown,  clear,  planar  octahedra,  aggregates 
and  irregular  shapes,  with  common  step-layered  growth  habit.  Most  of  them 
contain  black  inclusions,  probably  graphite.  Surface  features  show  light  to  medium 
frosting  with  occasional  striations  and  other  signs  of  partial  resportion  on  the  larger 
stones. 
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Detailed  Diamond  Studies 

A  suite  of  18  macrodiamonds  from  Payalikhand  (11)  and  Bahradih  (7)  have 
been  examined  in  detail.  All  are  brown  rounded  dodecahedra,  apart  from  one 
partially  resorbed  octahedron.  Most  show  slight  aggregation  and  more  thanhalf 
are  macled.  Glide  planes  and  fractures  are  abundant.  Black  inclusions 
(?graphite),  and  less  common  silicate  inclusions  are  present.  The  suite  range  from 
0.16  to  4.58  ct.  Windows  have  been  polished  into  21  of  the  suite  to  expose 
inclusions  and  allow  FT-IR  and  cathodoluminescence  (CL)  study. 

Initial  FT-IR  measurements  (collected  and  processed  using  the  methods 
described  by  Taylor  et  al.,  1990)  from  10  of  the  Raipur  stones  show  1aA-1aB 
spectral  characteristics  with  low  aggregation,  usually  around  5%  1aB  and  up  to 
23%.  There  is  considerable  variation  in  nitrogen  (128  -  1778  ppm)  and  relative 
hydrogen  (low-medium)  content  both  between  and  within  stones.  Assuming 
kimberlite  emplacement  around  0.8  Ga  (Chatterjee  et  al.,  1995)  and  diamond 
formation  around  3.2  Ga  the  FT-IR  data  gives  residence  temperatures  tightly 
clustered  around  1080°C,  excepting  one  stone  at  1 159  deg.C  (for  a  2.7  Ga  growth 
event  the  temperature  data  increases  by  only  6  deg.C). 

Flood  CL  images  of  the  Raipur  stones  are  weakly  to  moderately  pale  blue  and 
show  faint  zoning.  A  small  proportion  show  faint,  pale  yellow  deformation  lamellae 
overprinting  the  primary  growth  zoning. 

Graphite  spots  form  the  most  common  inclusions  in  SRKF  diamonds.  The 
xenocrystic  population  from  SRKF  kimberlite  concentrates  are  dominated  by  a 
peridotitic  mineral  assemblage,  including  diamond  inclusion-type  harzburgitic 
pyropes  and  chromites.  However,  mineral  inclusion  analyses  from  the  studied 
diamond  suite  indicate  the  presence  of  both  syngenetic  eclogitic  and  peridotitic 
varieties.  The  peridotitic  suite  (2  diamonds)  is  represented  by  olivine  inclusions 
which  are  strongly  forsteritic  (Fo  0.87  to  0.91). 

The  eclogitic  suite  (1  diamond)  is  represented  by  pyrope  -  almandine  garnet 
inclusions  having  affinity  with  cluster  group  3  of  Dawson  and  Stephens  (1975) 
based  on  their  MgO,  FeO,  and  CaO  contents,  but  also  showing  affinity  with  group  4 
because  of  high  Ti02  levels  (0.72  to  0.88%).  Two  other  diamonds  contain  K- 
feldspar  inclusions,  mostly  irregular  in  shape;  whether  this  feldspar  is  of  primary  or 
secondary  origin  is  uncertain  at  this  stage,  but  sanidine  is  classified  by  Meyer 
(1987)  as  a  primary  inclusion  of  eclogitic  paragenesis. 

Discussion 

SRKF  diamonds  thus  show  features  similar  to  diamonds  from  kimberlites  from 
other  parts  of  the  world.  The  degree  of  resorption  apparent  in  the  macrodiamond 
population  is  not  paralleled  in  the  microdiamonds  which  are  predominately  primary 
planar  primary  octahedrons,  a  relationship  often  seen  in  other  diamond 
occurrences  (e.g.  Ellendale  lamproites,  Western  Australia  -  Hall  and  Smith,  1985). 
Both  eclogitic  and  peridotitic  inclusion  assemblages  are  present. 
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The  average  mantle  residence  temperature  of  around  1080°C  derived  from 
the  FTIR  measurements,  when  taken  together  with  the  relatively  low  amount  of 
aggregation  considering  the  reasonable  amount  of  nitrogen  in  the  diamonds,  may 
well  suggest  a  cold  cratonic  geotherm  setting  and  is  in  keeping  with  local  heat  flow 
measurements  today  of  40mW/m2  (Chatterjee  et  ah,  1995). 
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More  than  40  high-P,T  experiments  show  that  nucleation  and  growth  of  diamond 
occurs  from  mixtures  of  graphite  and  carbonate  at  pressures  greater  than  9  GPa.  In  the 
presence  of  carbonate,  diamond  nucleation  temperatures  and  pressures  are  consistently 
reduced  by  ~200°C  and  ~3  GPa,  respectively,  from  conditions  at  which  graphite 
spontaneously  converts  to  diamond  in  the  absence  of  a  catalyst.  A  9  GPa  threshold  for 
diamond  nucleation  was  observed  for  the  graphite- magnesite  system.  Above  9  GPa,  the 
minimum  temperature  for  nucleation  of  diamond  from  this  system  was  reduced  by  over 
250°C  from  the  temperature,  in  excess  of  1850°C,  required  at  pressures  below  9  GPa.  No 
catalytic  effect  was  observed  for  the  system  graphite-calcite  under  the  same  P-T  conditions. 
Under  nominally  anhydrous  run  conditions  (8-10  GPa,  1550-1800°C,  duration  20  minutes) 
magnesite  remained  in  the  solid  state  whereas  the  K-Mg  carbonate  was  completely  molten. 
This  led  to  different  morphologies  and  sizes  of  synthesized  diamond:  the  diamond 
produced  by  solid-state  reaction  was  typically  1-3/^m  with  poor  crystal  form,  whereas  the 
diamond  synthesised  from  graphite  and  K-Mg  carbonate  was  10-20//m  grainsize  with  cubo 
octahedral,  or  twinned  form.  Carbon  isotope  studies  of  the  experimental  starting  materials 
and  products  clearly  identify  graphite  as  the  only  contributor  of  carbon  to  the  synthesized 
diamond.  The  apparent  strong  catalytic  action  of  solid  magnesite  is  not  fully  understood  at 
present.  The  synthesis  temperatures  are  the  lowest  known  (~1550°C)  for  experimental 
diamond  nucleation  using  non-metallic  catalysts.  The  P-T  conditions  for  diamond 
synthesis  within  this  system  (8-10  GPa,  1550-1800°C)  overlap  with  those  proposed  for 
upper  mantle  geotherms  (Fig.  1).  The  synthesis  results  for  the  graphite-carbonate  system 
are  believed  to  be  relevant  to  nucleation  and  growth  of  some  natural  diamonds. 
Microdiamonds  grown  from  graphite-carbonate  mixtures  may  perhaps  account  for  the 
“seed  diamonds”  seen  in  the  growth  centres  of  some  natural  diamonds  by 
cathodoluminescence  studies  (Bulanova,  1995).  The  seeds  have  been  overgrown  by  later 
diamond  zones  under  lower  P-T  conditions.  The  carbonate  responsible  for  seed  diamond 
formation  could  be  derived  either  from  the  primary  asthenospheric  mantle  (magnesite  or 
magnesiocarbonatite  melt)  or  the  subducted  lithosphere  where,  in  some  bulk  compositions, 
carbonate  may  persist  to  high  pressures  (Yaxley  &  Green,  1994). 

Methods:  All  experiments  were  conducted  in  a  1000  ton  multianvil  press  at  UCL  using 
cast  MgO  octahedra  and  8  mm  TEL  tungsten  carbide  anvils  fully  calibrated  for  P  and  T 
(Taniguchi  et  al.,  in  prep.)  All  experiments  were  conducted  dry  for  20  min  duration.  The 
same  graphite  cell  and  capsule  arrangement  was  used  for  each  experiment  and  products 
were  analysed  by  X-ray,  optical,  SEM  and  EPMA  methods. 
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Figure  1:  Diamond  nucleation  and  growth  region  for  graphite-carbonate  systems. 

The  region  of  direct  transformation  of  graphite  to  diamond  (Dia  direct)  and  geotherms 
calculated  for  heat  flows  of  35, 40  and  45mW/m2  are  also  plotted. 
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VERKHNEMUNSKOYE  FIELD  (REPUBLIC  OP  SAKHA) 
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II3545  Moscow,  Russia 

Megacrysts  of  garnets  and  some  other  minerals  (olivine, 
clinopyroxene,  orthopyroxene,  picroilmenite,  phlogopite)  are 
characteristic  of  many  kimberlite  pipes.  Of  particularly  fre¬ 
quent  occurrence  are  nodules  of  relatively  low-chromous  garnet 
and  picroilmenite.  In  single  kimberlite  pipes  of  USA  and  South 
Africa  two  series  of  megacrysts  are  met  with,  one  of  them  fea¬ 
turing  low  C^Oo  content  (increased  TiOo  content),  and  the  se¬ 
cond  one  being  rich  in  C^O^.  Domestic  kimberlites,  up  till 
now,  were  known  to  feature,  by  and  large,  the  first  series  of 
megacrysts.  However,  we  report  on  findings  of  the  relatively 
high-chromous  series  in  the  Zimnyaya,  Novinka  and  Komsomolskaya 
kimberlite  pipes  of  the  Verkhnemunskoye  field. 

The  low-chromous  series  is  represented  by  garnet,  picroil¬ 
menite,  olivine,  enstatite,  in  rare  cases  -  phlogopite.  Garnet 
occurs  in  the  form  of  rose-  and  orange-coloured  nodules  of  size 

1.5  -  9.0  cm.  It  exhibits  Cr203  contents  varying  from  I  to 

2.6  %;  Ti02  =  0.6  -  1.4  %;  f  =  0.21  -  0.27.  Olivine  nodules  are 
pale-brown,  2  -  10  cm  In  size;  f  =  0.09  -  0.12.  Orthopyroxene 
is  represented  by  nodules  of  size  1.0  -  7.5  cm,  bottle-green, 
yellowish-green  and  light-green,  with  f  =  0.08  -  O.II.  Ilmenite 
occurs  as  nodules  of  size  1.0  -  5*0  cm  with  MgO  content  varying 
from  7.5  to  18.5  %;  Ti02  =  48.0  -  59.5  %;  Cr20j  =  0.9  -  6.0  %. 
High-chromous  ilmenite  varieties  typically  feature  chromium- 
containing  titanomagnetite  and  chrome-spinellid  disintegration 
structures. 

The  high-chromous  series  of  megacrysts  is  represented  by 
garnet  and  olivine.  Garnet  occurs  in  the  form  of  purple-red  and 
dirty-green  nodules  of  size  1.5  -  8.5  cm,  with  Cr2 O3  content  va¬ 
rying  from  5.84  to  12.40  CaO  =  3.59  -  6.45  Ti02  =0.53  - 
1.50  %,  f  =  0.16  -  0.18.  Olivine  megacrysts  run  up  to  8  cm  ac¬ 
ross  and  feature  pale-greenish  colouration;  f  =  0.7  -  0.9. 

A  peculiar  feature  of  the  megacrysts  at  question  is  their 
partial  melting  manifested  in  emergence  of  branching  different¬ 
ly-  thick  stringers  inside  the  megacrysts.  These  stringers  are 
accompanied  by  widenings  and  differently  oriented,  thus  forming 
loop  and  grating  textures.  Stringers  and  their  thickenings  are 
made  up  by  crystallized  aggregate  involving  ortho-  and  clinopy- 
roxenes,  chrome-spinellid,  phlogopite,  amphibole,  glass  and,  in 
rare  cases,  olivine  grains.  These  minerals  feature  an  original 
composition;  the  composition  of  some  of  them  (chrome-spinellid 
and  others)  depends  on  that  of  the  replaced  garnet. 

Oxide  contents  in  chrome-spinellids  vary  within  the  follo¬ 
wing  ranges  (in  %) :  Cr203  =  8.60  -  59.72;  A120j  =  4.98  -  51.65; 
TiOo  =  0.13  -  5.04.  Clinopyroxene  features  hign  Al203  contents 
(7.71  -  12.23  %) ,  as  well  as  those  of  Cr203  (0.49  -  3.98  %) , 
and  Ti02  (0.79  -  I. 14  %) .  It  is  classed  as  a  subcalcic  variety 
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(Ca/Ca  +  Mg  =  0.33  -  0.45).  Orthopyroxene  qualifies  as  alumo- 
bronzite  (AI0O3  =  7.50  -  11.82  %,  C12O3  =  2.04  -  3.65  %9  CaO  = 

=  1.45  -  3*09  %) .  Phlogopite  composition  also  varies  within  a 
wide  range  (in  %) :  C12O3  =  0.18  -  4.00;  Ti02  =  0.18  -  3.32; 

PeO  =  2.90  -  6.24. 

Recrystallization  products  of  submelted  garnet  nodules  are 
similar  in  the  typical  flet  of  minerals  and  their  compositions 
to  reaction  kelyphitic  rims  developed  around  garnet  grains  in 
upper  mantle  rock  xenoliths  and  differ  in  mineral  composition 
from  kelyphitic  rims  surrounding  pyrope  grains  in  kimberlite. 
These  latter  rims  are  represented,  by  and  large,  by  phlogopite; 
chrome-spinellid  and  pyroxenes  occur  here  infrequently. 

The  process  of  partial  melting  of  magnesial  garnet  had  ap¬ 
parently  proceeded  under  upper  mantle  conditions  prior  to  the 
garnet's  ingress  into  the  kimberlitic  transporter.  It  is  likely 
that  the  melting  was  initiated  by  an  inflow  of  alkali-  and  wa¬ 
ter-rich  abyssal  fluids.  This  effect  was  accompanied  by  subtrac¬ 
tion  of  silicium,  aluminum  and  magnesium.  Crystallization  of 
submelted  parts  of  garnet  grains  occured  under  reduced  pressure 
and  high  temperature;  according  to  the  data  of  available  geoba¬ 
rometers  and  geo thermometers,  p  =12.7  -  24.8  GPa;  T  =  1210  - 
1510  °C. 
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COMPOSITION  INHOMOGENEITY  OP  KIMBERLITIC  GARNET  NODULES  AS 
AN  INDICATOR  OP  THEIR  METASOMATISM  AND  DISINTEGRATION 

Kharkiv1,  A.D.,  Safronov^,  A.F. 

1.  Central  Research  Institute  of  Geological  Prospecting  for 
Base  and  Precious  Metals  (TsNIGRI),  Varshavskoye  sh.,  I29B, 
II3545  Moscow,  Russia 

2.  Institute  of  Geological  Sciences,  Lenin  Avenue  30,  677007 
Yakutsk,  Republic  of  Sakha  (Yakutia) 

Nodules  of  magnesian  garnet  of  size  2-8  mm  carrying 
numerous  inclusions  of  other  minerals  and  featuring  peculiar 
composition  and  structure  have  been  found  in  Internatsional- 
naya,  Mir,  XXIII  Congress  of  CPSU  and  Dachnaya  diamondif erous 
pipes  of  the  Malobotuobinsky  region*  Among  them  are  several 
parageneses  of  minerals  related  with  each  other  by  common 
compositional  features*  At  the  same  time,  compositions  of 
garnets  and  inclusions  of  other  minerals  vary  within  rather 
wide  range:  from  high-chromous  knorringite-containing  garnet 
with  inclusions  of  j adeite-ureyitic  clinopyroxene,  high-chro¬ 
mous  chrome-spinellid,  chromium-containing  amphibole  to  mode¬ 
rate-  and  low-chromous  high-magnesian  garnet  containing  a  set 
of  inclusions  represented  .by  high-chromous  f errimagnetic  pic- 
roilmenite,  low-chromous  clinopyroxene,  in  rare  cases  -  high- 
titanous  amphibole*  Some  of  high-chromous  garnets  fit  into 
diamond  association;  however,  most  of  them  fall  into  one  of 
two  wehrlitic  paragenesis  types:  the  first  one  containing 
chrome-spinellid  inclusions,  and  the  second  one  carrying  pic- 
roilmenite  inclusions.  This  latter  type  of  mineral  paragene¬ 
sis  is  of  rare  occurrence  in  kimberlites* 

The  unique  feature  of  the  formations  at  question  is 
composition  inhomogeneity  shown  both  by  host  mineral  and  by 
inclusions  of  other  minerals  within  the  boundaries  of  prac¬ 
tically  every  grain  studied.  The  inhomogeneity  occurs  as: 
a)  rather  regular  zonation  manifested  in  lowering  0^03  con¬ 
tents  fron  grain  center  towards  its  periphery  and- in  a  change 
of  mineral  inclusions  (chrome-spinellid  is  typically  locali¬ 
zed  in  grain  centers,  giving  way  to  picroilmenite  at  the  pe¬ 
riphery);  b)  block  structure  of  garnet  grains  (areas  with  in¬ 
creased  Cr203  content  alternate  with  those  of  low-chromous 
composition).  In  the  first  case  inclusions  are  represented  by 
numerous  chrome-spinellid  grains,  in  the  second  case  -  by  pic¬ 
roilmenite  grains.  Interblock  boundaries  are  either  sharp  or 
gradual  (transition  zone  width  about  I  mm)* 

Somewhat  peculiar  composition  is  featured  by  the  whole 
set  of  minerals  at  question;  they  bear  evidences  of  formation 
under  high  oxygen  potential  conditions,  which  is  manifested 
in  increased  Pe^+  content  in  each  of  these  minerals.  Garnet 
exhibits  an  increased  iron  index  (f  =  0.25  -  0*30)  and  high 
proportion  of  Pe^+;  picroilmenite  is  classed  as  a  f errimagne¬ 
tic  variety  with  high  (up  to  20  %)  content  of  hematitic  com¬ 
ponent.  Chrome-spinellid  contains  a  high  proportion  of  mag- 
netitic  minal.  The  examination  of  concentrations  of  rare 
earth  elements  in  individual  nodules  performed  by  N.V. Sobolev 
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has  revealed  that  RE  contents  of  these  latter  are  rather  high 
(verbal  communication)* 

All  the  aforesaid  implicates  that  the  garnet  nodules  cha¬ 
racterized  above  appear  to  be  particularly  abyssal  upper-mantle 
formations.  Some  of  them  apparently  had  been  crystallized  under 
diamond  stability  conditions;  thus  they  are  concentrated,  by 
and  large,  in  highly  diamondiferous  pipes*  Nevertheless,  diam^ 
ond  is  absent  from  this  mineral  association.  It  is  likely  that 
diamond  could  be  annihilated  at  large  depths  where  primary  mi¬ 
neral  parageneses  had  experienced  the  action  of  oxidized  meta- 
somatized  fluids  which  served  as  a  source  of  K,  Na,  Ti  and  a 
number  of  other  incompatible  elements*  Penetration  of  abyssal 
fluids  which  had  caused  an  essential  transformation  of  upper 
mantle  material  zones  was  apparently  promoted  by  rock  deforma¬ 
tion  and  cataclasm,  in  particular,  by  disintegration  of  rocks 
to  the  point  of  fragmentation  of  garnet  grains*  Mechanic  mix¬ 
ing  of  the  material,  including  crushed  garnet  grains,  and  ag¬ 
glutination  of  these  latter  have  caused  the  formation  of  com¬ 
positional  inhomogeneity  within  individual  nodules.  Sharp  dis¬ 
tinctions  in  composition  between  individual  blocks  of  garnet 
grains  could  not  long  survive  under  upper  mantle  conditions* 

It  is  most  likely  that  the  mantle  metasomatism  process,  in 
combination  with  material  crushing,  immediately  preceded  the 
formation  of  kimberlitic  melt  and  evacuation  of  unbalanced  pa¬ 
rageneses  to  the  surface,  where  they  could  be  preserved  in  a 
metastable  state. 
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Introduction 

The  Yakutian  kimberlite  province  extends  for  over  1000  kilometres  across  the  Siberian 
platform  northwards  from  Mirny  to  the  Arctic  Ocean.  It  consists  of  at  least  twenty  'fields' 
(clusters)  of  diatremes,  dykes  and  other  intrusive  bodies.  There  is  much  interest  in  determining  the 
age  distributions  of  the  many  bodies  which  make  up  each  field,  and  the  overall  regional  age  trends. 
Such  information  has  important  bearing  on  lithospheric  basement  studies  in  the  region  based  on 
kimberlite-borne  xenoliths.  There  is  also  the  possibility  of  significant  time  differences  between  the 
various  porphyritic  and  breccia  phases  of  complex  individual  pipes.  Previous  geochronological 
studies,  summarised  by  Bristow  et  al.  (1991),  have  shown  the  majority  of  Yakutian  intrusions  to 
be  Palaeozoic  in  age  or  younger,  with  three  important  periods  of  eruption  in  the  Devonian  (360- 
380  Ma),  Permian  (-230  Ma)  and  Jurassic  (-150  Ma)  eras.  On  the  available  data,  the  younger 
generations  of  pipes  appear  to  be  restricted  to  the  more  northerly  fields.  As  usual,  alteration  has 
been  a  problem  for  conventional  dating  methods.  One  solution  is  to  date  resistant  U-bearing 
minerals  such  as  zircon  and  perovskite.  Whereas  zircon  occurs  in  kimberlites  as  rare  xenocrysts 
associated  with  the  megacryst  suite  of  inclusions,  perovskite  is  a  relatively  common  groundmass/ 
microphenocryst  phase.  Under  favourable  circumstances  both  can  be  dated  by  the  U-Pb  method, 
either  by  thermal  ionization  mass  spectromery  or  by  high-resolution  ion  microprobe  (SHRIMP). 

Perovskite  dating 

Perovskite  grains  in  kimberlites  typically  are  10  to  50|im  in  size,  rarely  exceeding  lOOjLim, 
and  are  highly  variable  in  shape.  Often  they  are  rounded  or  subhedral,  with  irregular  margins. 
Aggregates  are  common  also,  often  intergrown  with  spinel,  rutile  and  other  phases.  Some 
perovskites  are  zoned,  as  observed  through  backscattered  electron  imaging.  These  features  make 
mineral  separation  awkward,  a  problem  which  can  be  avoided  by  analysing  the  grains  directly  in 
thin  section  using  SHRIMP.  All  but  the  smallest  perovskite  grains  can  be  targeted  with  SHRIMP, 
the  typical  size  of  the  analysed  area  being  20jiim.  On  larger  grains,  more  than  one  spot  can  be 
analysed  without  any  overlap.  The  pits  are  only  a  few  (im  deep  so,  unlike  the  laser  ablation 
ICPMS  method,  there  is  no  danger  of  consuming  the  entire  sample  before  the  analysis  is  complete. 

In  this  study,  perovskites  have  been  dated  in  polished  Au-coated  thin  sections,  25mm  in 
diameter.  Prior  to  the  final  polishing,  3mm  holes  were  drilled  ultrasonically  into  each  section  into 
which  a  chip  of  a  standard  perovskite  of  known  isotopic  composition  and  age  was  cast  in  epoxy 
resin.  This  permitted  analysis  to  be  alternated  between  standard  and  unknowns  without  sample 
change.  The  chosen  standard  material  was  derived  from  a  large,  U-rich  single  crystal  from  the 
Tazheran  skam  deposit  in  the  Lake  Baikal  area.  Its  U-Pb  isotopic  homogeneity  has  been  verified 
by  SHRIMP  analyses,  however  there  is  some  variation  in  overall  U  and  Th  concentration. 
Analyses  of  the  standard  were  used  to  determine  the  instrumental  fractionation  between  Pb  and  U, 
and  to  generate  working  curves  for  the  correction  of  Pb/U  ratios  for  the  unknowns. 

Because  the  Yakutian  kimberlites  are  relatively  young  and  the  perovskites  contain  only  a 
few  parts  per  million  of  U,  the  count-rates  obtained  on  SHRIMP  were  low,  on  207pb  especially, 
and  so  the  calculated  207pb/206pb  ages  are  relatively  imprecise,  the  correction  for  initial  Pb  being 
a  significant  factor.  Therefore,  the  ages  determined  in  this  study  have  been  based  on  the  measured 
206pb/238u  ratios,  with  the  measured  207pb  usecj  t0  determine  the  proportion  of  initial 
assuming  isotopic  concordance  and  using  modelled  common  Pb  compositions.  In  other  respects, 
our  analytical  method  for  perovskite  follows  that  used  by  Ireland  et  al.  (1990). 
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The  following  table  lists  preliminary  results  from  the  Daldyn  and  Alakit  fields.  Quoted 
uncertainties  are  two  sigma,  each  the  combined  result  of  ca.  fifteen  SHRIMP  spot  analyses.  The 
ages  were  calculated  on  the  basis  of  a  463  Ma  age  for  the  Tazheran  perovskite  standard,  and  are 
subject  to  revision  pending  further  U-Pb  isotope  analyses  of  the  standard  by  thermal  ionization, 
mass  spectrometry.  All  of  the  ages  fall  within  the  late  Devonian  -  early  Carboniferous  period  in 
accordance  with  geological  constraints.  The  two  identical  results  from  Udachnaya  east  (which 
were  analysed  on  different  days)  agree  with  the  results  of  other  dating  methods  and  can  be 
considered  as  an  internal  check  of  reproducibility.  The  other  examples  are  from  pipes  which  could 
not  be  dated  by  either  Rb-Sr  or  K-Ar  methods,  demonstrating  the  usefulness  of  this  technique. 
Perovskite-bearing  samples  have  also  been  prepared  from  the  Kharamay,  Srednaya  Kuonapka  and 
Biriginde  fields. 


Sample 

Pipe 

Field 

206Pb/238U  age 

U-256 

Udachnaya  (east) 

Daldyn 

376  +/-  3 

U-267 

Udachnaya  (east) 

Daldyn 

374  +/-  5 

AS-354 

Areos  "emochnay  a 

Daldyn 

370  +/-  4 

P-355 

Polaymaya  1 

Daldyn 

367  +/-  3 

Dl-2 

Dalnaya 

Daldyn 

361  +/-  5 

ASU-268 

Suvenir 

Alakit 

372  +/-  5 

DR-401 

Drugzba 

Alakit 

367  +/-  4 

Zircon  dating 

Zircons  from  Yakutia  were  first  dated  by  Davis  et  al.  (1980)  using  conventional  mass 
spectrometry  on  single  or  multiple  grains.  For  analysis  by  SHRIMP,  zircons  were  cast  into  epoxy 
disks  and  polished  until  sectioned  in  half.  Although  optically  homogeneous,  internal  zonation 
structures  in  many  cases  can  be  discerned  by  cathodoluminescence  imaging  of  the  prepared  mounts 
in  an  SEM.  This  provides  a  useful  guide  to  analytical  site  selection  in  SHRIMP.  Like  the 
perovskites,  kimberlitic  zircons  are  relatively  low  in  U  content,  and  the  same  analytical  difficulties 
apply,  however  precise  ages  can  be  obtained  by  combining  data  from  multiple  analytical  sites. 

Despite  the  fact  that  kimberlitic  zircons  are  xenocrysts,  most  of  the  ages  obtained  from 
them  appear  to  correspond  to  eruption  times,  either  because  they  are  cooling  ages  (as  argued  by 
Davis)  or  because  the  zircons  are  formed  in  the  initial  stages  of  kimberlite  magrrtatism.  The 
preservation  of  Archaean  U-Pb  and  Hf  model  ages  in  zircons  from  the  Permian  Jwaneng 
kimberlite  in  Botswana  (Kinny  et  al.,  1989)  demonstrated  that  thermal  resetting  of  kimberlitic 
zircons  in  their  mantle  source  regions  is  not  ubiquitous.  Likewise,  preliminary  results  from 
Yakutia  (zircons  supplied  from  the  Ilupin  collection)  include  a  number  of  grains  from  the  young 
pipes  preserving  ages  in  the  range  1800  to  2000  Ma.  Most  of  the  remainder  are  broadly  in 
agreement  with  estimates  of  pipe  ages  given  by  zircon  fission  track  data  (Komarev  and  Ilupin, 
1990). 
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The  most  significant  mining  operations  on  kimberlite 
dikes  in  South  Africa  are  confined  to  six  occurrences  of  Group 
II  kimberlite  intrusions.  These  are  Bellsbank,  Bobbejaan  and 
Ardo  dikes,  northwest  of  Kimberley  in  the  Cape  Province, 
Roberts  Victor  and  Star,  east  of  Kimberley  in  the  Orange  Free 
Sate,  and  the  Helam  Mine,  near  Swartruggens  in  the  northern 
Transvaal.  Although  kimberlite  dikes  have  also  been  mined  in 
China  and  West  Africa,  and  trial  mining  has  been  attempted  in 
North  America,  only  in  South  Africa  has  mining  development 
proceeded  to  depths  greater  than  100m  below  the  surface.  Some 
of  the  South  African  dikes  have  been  developed  to  depths  of 
more  than  500m,  and  some  mines  have  operated  more  or  less 
continuously  for  nearly  50  years. 

Kimberlite  dike  occurrences  are  complex  systems  sometimes  with 
strike  lengths  greater  than  5  km  which  are  located  within 
extensional  structures  as  a  swarm  of  dikes  intruded  sub¬ 
parallel  to  each  other.  Most  individual  dikes  were  emplaced  as 
a  series  of  discrete  lenses  which  are  interwoven  in  an  en 
echelon  arrangement.  The  lenses  pinch  and  swell  along ' strike , 
ultimately  to  pinch  out  as  the  next  lens  develops,  offset  by 
some  meters  and  interconnected  by  thin  stringers  of  kimberlite 
or  calcite.  The  various  dikes  do  not,  and  never  did,  all 
outcrop  at  the  surface.  They  vary  from  extremely  thin  veins  (< 
lcm  wide)  to  lenses  typically  about  60cm  wide  at  their  widest 
development  and  rarely  reaching  a  maximum  width  of  more  than 
lm.  In  some  cases  only  one  dike  is  commercially  viable,  with 
width  of  ore  being  an  important  criterion.  At  other  localities 
more  than  one  dike  can  be  profitably  mined.  At  some  mines  the 
commercially  viable  dike  is  cut  by  small  vents  .which  probably 
reached  the  land  surface  at  some  time  during  kimberlite 
intrusion.  Dike  continuity  and  changes  in  strike  and  dip  are 
frequently  at  least  partially  controlled  by  wall  rock 
characteristics.  Dikes  intruded  into  competent  crystalline 
basement  or  basalt  are  more  consistent  in  strike  and  dip  than 
those  emplaced  in  shales.  Dike  emplacement  can  also  be 
affected  by  pre-existing  paths  of  weakness  such  as  faults, 
shear  zones,  bedding  planes,  foliations,  changes  in  rock  types 
and  geological  contacts.  Occasionally  the  same  path  is 
exploited  by  separate  intrusions  of  different  mineralogy, 
diamond  content,  and  age. 

Evidence  for  multiple  intrusion  events  within  individual 
dikes  has  been  reported  in  a  number  of  earlier  descriptions 
and  is  confirmed  by  the  present  study.  The  kimberlites  are  all 
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hypabyssal- facies  rocks,  and  the  mineralogical  composition  of 
the  six  viabl.e  occurrences  is  similar.  They  typically  contain 
rounded  olivine  and  less  abundant  phlogopite  macrocrysts  (> 
0.5mm  diameter)  set  in  a  groundmass  composed  predominantly  of 
fine-grained  phlogopite.  Calcite,  minor  apatite,  perovskite, 
and  complex  opaque  oxide  intergrowths  are  additional  common 
groundmass  components.  Flow  differentiation  of  olivine 
macrocrysts  is  common. 

The  diamond  contents  of  the  economically  viable 
kimberlites  are  normally  in  the  range  of  30  to  >200  carats  per 
100  tonne.  Variations  in  diamond  morphology,  colour,  inclusion 
characteristics  and  value  are  also  within  the  range  reported 
for  kimberlite  pipes  in  southern  Africa.  Where  information  is 
available,  the  diamonds  have  inclusions  which  fall  into  the 
peridotitic  and  eclogitic  parageneses  established  for 
kimberlite  occurrences  world-wide. 

The  mantle  macrocryst  minerals  in  the  kimberlite  include 
both  peridotitic  and  eclogitic  mineral  phases,  some  of  which 
are  interpreted  to  be  linked  to  diamond  genesis  on  the  basis 
of  chemical  composition.  The  proportion  of  these  minerals  vary 
widely,  both  from  within  a  single  dike  set,  and  between  sub¬ 
parallel  dikes  at  specific  localities.  These  variations, 
considered  in  the  light  of  the  narrow  widths  of  kimberlite 
dike  intrusions,  are  interpreted  to  reflect  lack  of  mixing  of 
the  non- cognate  mantle  component  sampled  by  the  kimberlite  at 
depth,  even  during  transport  into  the  near  surface  earth's 
crust.  This  lack  of  homogeneity  in  the  transported  mantle 
sample  suggests  that  it  may  be  possible  to  preserve  variations 
in  diamond  abundance  throughout  the  dikes  which  are  the 
products  of  the  primary  distribution  of  diamonds  in  the  upper 
mantle  and  the  sampling  mechanisms  of  kimberlite  at  depth. 
Dikes  should  on  this  basis  show  more  grade  variation  than  the 
better  mixed  material  found  in  diatreme- facies  kimberlite. 
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The  Kaalvallei  kimberlite  is  situated  on  the  farm  Kaalvallei- 1 2  about  seven  kilometres  from 
Welkom  in  the  Orange  Free  State,  South  Africa,  and  occurs  on  the  Kaapvaal  craton. 
Texturally,  the  kimberlite  is  classified  as  transitional  between  diatreme-facies  tuffisitic 
kimberlite  breccia  (TKB)  and  hypabyssal-facies  kimberlite.  Mineralogically,  Kaalvallei  is  an 
ilmenite-rich,  monticellite  Group  1  kimberlite.  Rb-Sr  dating  of  micas  extracted  from 
Kaalvallei  hypabyssal-facies  kimberlite  produced  an  age  of  84.6  Ma  ±  0.9  Ma  (Viljoen,  1994). 
Ultramafic  xenoliths  described  from  Kaalvallei  include  corundum  eclogites,  bimineralic 
eclogites,  diamondiferous  eclogites,  clinopyroxenites,  ilmenite-bearing  eclogites,  spinel-bearing 
eclogites,  websterites,  and  alkremites  (Schulze,  1989;  Viljoen,  1994). 

A  suite  of  seventeen  eclogite  xenoliths  were  examined  in  this  study.  All  are  essentially 
bimineralic,  with  thirteen  xenoliths  containing  accessory  diamond  and  graphite.  One  eclogite 
contains  accessory  ilmenite  and  diamond.  All  the  eclogites  classify  as  Group  1  eclogites 
according  to  the  textural  classification  of  MacGregor  and  Carter  (1970),  and  the  chemical 
classification  of  McCandless  and  Gurney  (1989). 

In  Figure  1,  the  garnet  and  clinopyroxene 
compositions  display  a  trend  from  Mg 
toWards  Ca  and  Fe  enrichment.  The  eclogites 
form  two  populations  based  on  major  element 
compositions,  temperature,  and  oxygen 
isotope  compositions  -  suggesting  two 
different  equilibration  conditions  of  formation 
(Figure  2  and  3).  Garnet  from  the 
diamondiferous  eclogites  display  a  range  of 
5180  values  from  4.65  to  7.20%o  (corrected  to 
Standard  Mean  Ocean  Water  (SMOW)),  and 
their  associated  clinopyroxene  have  6180 
values  from  4.97  -  7.32%o  (corrected  to 
SMOW).  Two  non-diamondiferous  samples 
have  8180  values  which  fall  in  the  range 
measured  for  the  diamondiferous  eclogites. 
Fractionation  of  5180  values  between  garnet 
and  clinopyroxene  range  from  0.03  to  0.36%o. 


Figure  1.  Ca-Mg-Fe  ternary  diagram  of  garnet  and 
clinopyroxene  compositions  from  the  Kaalvallei 
eclogite  xenoliths. 
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Kd  formulation  of  Ellis  and  Green  (1979). 
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Figure  3.  Variations  in  5lsO  values  for  garnets  and 
clinopyroxenes  from  Kaalvallei  eclogite  xenoliths. 


Strontium  (Sr)  and  neodymium  (Nd)  isotopic  compositions  were  determined  for  six  eclogites. 
87Sr/86Sr  ratios  for  the  clinopyroxene  ranges  from  0.70313  to  0.70545,  while  garnet  separates 
yield  87Sr/86Sr  ratios  from  0.70383  to  0.70659.  Clinopyroxene  has  143Nd/144Nd  values  ranging 
from  0.51270  to  0.51285,  while  garnet  has  143Nd/144Nd  ratios  of  0.51293  to  0.51307.  Model 
ages  calculated  for  the  eclogite  xenoliths  are  similar  to  the  pipe  emplacement  age  -  suggesting 
that  the  eclogites  have  equilibrated  to  the  ambient  geochemical  conditions  at  the  time  of 
kimberlite  eruption  (±  85Ma). 

Diamonds  extracted  from  the  eclogites  were  inclusions-free  and  exhibited  octahedral 
morphology  showing  no  resorption  features  with  etching  seen  only  on  exposed  diamond 
surfaces.  Carbon  isotopic  compositions  determined  for  diamonds  extracted  from  four 
Kaalvallei  eclogite  xenoliths  vary  between  -4.06%o  and  -5.83%o.  This  range  is  similar  to  one 
of  the  ranges  in  the  bimodal  distribution  of  513C  values  for  eclogitic  diamonds,  and  also 
within  the  range  of  513C  values  observed  for  peridotitic  diamonds. 

Nitrogen  aggregation  state  and  cathodoluminescence  characteristics  were  determined  for  fifty- 
five  diamonds  extracted  from  eleven  of  the  eclogites.  Infrared  spectra  obtained  from  diamond 
cores  and  edges  reveal  that  eight  xenoliths  have  dominantly  Type  IaAB  diamonds;  with  the 
edges  being  chiefly  Type  IaA.  Two  eclogite  xenoliths  have  diamonds  mainly  of  Type  IaA. 
Diamonds  from  one  xenolith  are  entirely  Type  Ha.  Platelet  evolution  of  diamonds  from  one 
xenolith  is  different  from  those  of  the  other  eclogites  examined  suggesting  perhaps  a  rapid 
heating  event  which  affected  the  xenolith,  or  origin  of  that  eclogite  at  greater  depth  than  the 
rest.  Most  of  the  samples  exhibit  a  uniform  blue  cathodoluminescence  pattern,  showing  no' 
zoned  growth  of  diamond.  Exceptions  are  the  Type  Ha  diamonds  which  have  greenish-blue 
cathodoluminescence,  and  Type  IaAB  diamonds  from  one  eclogite  which  show  patches  of  blue 
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and  dull  blue. 
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GENETIC  CLASSIFICATION.  OF  PYROPES  OF  THE  ULTRAMAFIC  ROCKS. 
Kolesnik  Yu.N. 

Inst.  Geochemistry, Mineralogy  and  Ore  formation.  National 
Ac. Sci. Ukraine. 252680  Kiev-142 , Palladina  Prospekt, 34 . 

The  chemical  compositions  of  pyropes , pyroxenes  and  other 
minerals  of  ultramafic  rocks  vary  in  relatively  broad  scale, as 
well  known,  even  in  same  paragenesis  of  minerals.  Special 
features  of  this  variation  contain  certain  information  about 
genesis  and  evolution  of  the  rocks.  For  example  the 
fractionational  crystallizationis  is  a  kined  of  petrogenetic 
process  that  is  characterized  by  irreversible  change  of  the 
chemical  compositions  of  minerals. Irreversible  changes 
(shifts)  of  compositions  probably  prevail  over  mantle.  They 
are  reflekted  its  evolution.  But  in  some  cases  one  can  waite 
for  existance  of  more  or  less  stable  conditions  where  changes 
of  the  internal  and  outward  forces  are  counterbalanced  between 
itself  (slow  cotectic  crystallization;  slow  exsolutions  of 
minerals) . Shift  of  chemical  compositions  of  minerals  in  such 
cases  ought  to  be  equilibrium  and  reversible  also. It  is 
interesting  to  analyse  from  this  point  of  view  the  chemical 
compositions  of  rockforming  minerals.  In  this  report  we 
attempt  to  identify  and  select  those  natural  garnet 
compositions  connected  between  itself  by  (possible) equilibrium 
and  reversible  transitions  (by  equilibrium  shift  of  chemical 
compositions) .Reaction  of  exchange  by  end  members  of  the 
garnet  solution  are  used  in  order  to  describe  the  changes  of 
its  chemical  composition.  Three  reaction  are  possible  in  the 
CFMAS-fCr,  0^  system  : 

FeJ  Ala  SijO/2  +  Mg5  Cr,  Si3  0,*=  Fe^  Cr*  Si30/2+  Mg^  Al2  Si^  0/2 

Caj  Alp  Si^O^  +  Mg*  Cr^  Si*  Qfi-  Ca^Cr*  Si7  0„+  Mg^  Al2  Si*  0,z 

Fej  Alp  Si3  0,2  +  Ca s  Cre  Sis  Qu-  Fes  Cr2  Si^  0,2  +  Ca3  Alp,  Si3  0/2 

Nambers  of  formula  units  of  every  end  members  participated  in 

every  exchange  reaction  are  considered  as  the  variables  of 
such  system.  One  can  estimate  them  using  a  "coordinate  of 
reaction”  notion  (Prigogine  and  Defay, 1954) . Similar  approach 
allows  to  select  the  garnet  chemical  composition  connected  by 
(possible)  equilibrium  and  reversible  transitions. The  changes 
of  compositions  in  such  cases  are  completely  determined  by  the 
changes  of  temprtature  (a  T)  and  pressure  (a  P) .One  can  estimate 
the  increments P  at  arbitrary  temperature  responsible  for  the 
equilibrium  shift  of  composition  between  pair  of  selected 
compositions  by  considering  the  grain  of  pyrope  as  a  single 
phase  open  system  (Kolesnik, 1991, 1993) .That  gives  a 
possibility  to  estimate  the  equilibrium  pressure  of  the  pyrope 
of  interest  on  the  basis  of  follow  formula  P  =  P0  +4P  where, 
is  the  pressure  of  some  pyrope  (standard)  estimated  by 
geobarometer  (for  example  ortopyroxene+pyrope) . Depth  of 


282 


Fig.  -«1  Chart  of  the  pyrope  compositions  from  different 
ultramafic  paragenesis  (heavy  discriminating  lines) 
proposed  by  Sobolev (1977)  .  Equilibrium  groups  of  the 
pyrope  compositions  are  outlined  by  broken  lines  and 
indicated  by  Arabic  numbers. 
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formation  of  pyrope  is  useful  at  prospecting  of  the  kimberlite 
with  diamonds. The  calculating  procedure  has  been  realized  as 
pc  program  and  has  been  patented  (Kolesnik, 1993 ) . 
Classification  of  pyropes  proposed  is  based  on  the  unification 
of  them  as  equilibrium  groups. Every  pyrope  composition  being 
in  certain  equilibrium  group  can  be  translated  by  means  of 
equilibrium  and  reversible  shift  of  composition  into  another 
composition  within  considered  group. Study  of  about  300 
chemical  compositions  of  pyropes  of  ultramafic  rocks  shows 
that  equilibrium  relationships  between  garnet  compositions  are 
taken  shape  mainly  in  Iherzolites. Some  low-calcium  pyropes 
described  by  Boyd  (1993)  in  harzburgites  are  rare 
exclusions. 15  equilibrium  groups  have  been  formed. Every  group 
is  characterized  by  certain  special  feature  of  compositions  of 
the  pyropes  (Fig.  1)  and  other  rockforming  minerals . Besides 
certain  petrological  distinctions  of  equilibrium  groups  are 
recorded. Groups  1-4  (Figl)  are  represented  by  depleted 
Iherzolites  mainly . Groups  9-15  are  represented  by  fertile 
Iherzolites  enriched  by  pyroxenes  and  contained  phlogopite, 
pargasites  et  cetera  (the  volatile  reservoir  of  the  stable 
mantle  ?) .  In  the  groups  5-7  exolutions  of  pyropes  and 
clinopyroxenes  from  the  aluminious  orthopyroxenes  are 
recorded. 
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THE  CORRELATION  OF  KIMBERLITE  ACTIVITY  WITH  MANTLE  METASOMATISM 


Konzeth1),  J.,  Sweeney^1),  R.J.,  Compston^2),  W. 

1.  Institut  fur  Mineralogie  und  Petrographie,  Sonneggstr.5,  ETH-Zentrum,  CH-8092  Zurich, 
Switzerland 

2.  Research  School  of  Earth  Sciences,  Australian  National  University,  Canberra  ACT  2601, 
Australia 

Metasomatism  of  the  lithospheric  mantle  by  magmas  or  fluids  is  well  documented  in  the 
case  of  the  Kaapvaal  Craton  using  kimberlite-bourne  mantle  xenoliths  (Erlank  et  aL,  1987). 

The  precise  timing  of  such  metasomatic  events,  however,  is  unknown  and  therefore  it  has 
proven  difficult  to  relate  mantle  metasomatism  in  the  source  to  igneous,  activity  at  the  surface.  A 
suite  of  mica-amphibole-diopside-ilmenite-rutile  bearing  xenoliths  (MARID)  (Dawson  &  Smith, 
1977)  represents  the  product  of  such  metasomatic  fluids  or  melts.  Here  we  report  the  first 
precise  U-Pb  age  determinations  on  a  zircon  from  a  MARK)  sample  from  the  Wesselton 
kimberlite  pipe,  thereby  dating  the  metasomatism  directly. 

The  xenolith  studied  from  the  Wesselton  kimberlite  (W7-1)  consists  of  phlogopite,  K- 
richterite,  clinopyroxene  and  rutile  partly  mantled  by  ilmenite.  Orthopyroxene,  which  is  rarely 
encountered  in  MARIDs,  appears  as  an  accessory  phase.  An  intense  veining  of  the  xenolith  by 
kimberlitic  material  and  partial  melting  of  the  MARK)  assemblage  is  observed.  Solid  solution 
melting  of  K-richterite  explains  the  appearance  of  orthopyroxene  and  enrichment  in  the 
amphibole  of  Ti  and  F.  The  analysed  zircon  occurs  as  an  approximately  450  x  500  pm  rounded 
grain  with  inclusions  of  lath-shaped  apatite  and  drop-like  rutile,  the  latter  is  unaltered  and  has 
no  ilmenite  rims. 

U-Pb  isotopic  ratios  and  abundances  were  measured  at  13  points  on  zircon  W7-1 
using  the  SHRIMP  ion  probe  at  the  Australian  National  University  in  Canberra  with  reference 
zircon  SL13  used  as  a  standard.  Ages  were  calculated  from  206pb/238u  ratios  with  the 
contribution  of  common  non-radiogenic  lead  estimated  from  both  the  measured  204Pb  and 
207Pb.  There  is  a  small  background  of  common  206Pb  present  in  each  analysis,  ca.  0.4  fg,  that 
comes  from  the  polished  thin-section  surface. 

Ages  range  from  1 13±3  Myr  to  142+2  Myr  which  exceeds  the  dispersion  expected  from 
known  errors  of  precision.  The  individual  values  correlate  broadly  with  variable  U  and  Th 
concentrations  in  irregular  zones  revealed  by  cathodoluminescence.  The  oldest  ages  occur 
within  a  euhedral  zone  close  to  the  zircon  rim  which  also  shows  the  highest  U  contents. 
Compared  to  megacrystic  zircons  (Kresten  et.al.,  1975)  zircon  W7-1  is  highly  enriched  in  both 
U  and  Th  (maximum  contents  of  U  and  Th  283  and  222  ppm)  but  with  abundances  less  than 
those  obtained  by  Kinny  &  Dawson  (1992)  (sample  BD3024,  average  340  ppm  U  and  1 190 
ppm  Th).  This  enrichment  in  U  and  Th  relative  to  megacrystic  zircons  excludes  the  possibility 
of  zircon  W7-1  being  a  megacryst  entrained  into  the  MARID  xenolith  during  kimberlite 
infiltration.  The  high  Cr  content  of  the  rutile  inclusions  (2.5  wt.%  C^C^)  rules  out  a  crustal 
origin. 


All  analyses  yield  ages  considerably  older  than  the  intrusion  age  of  the  Wesselton 
kimberlite  (84±3  Myr)  (Allsopp  &Barrett,  1975)  and  all  other  kimberlites  from  the  Group  I 
Kimberley  cluster  but  they  do  coincide  with  Group  II  kimberlite  ages  which  range  from  114 
Myr  (Newlands)  to  147  Myr  (Swartruggens)  (Smith,  1983).  This  provides  chronological 
evidence  for  relating  the  MARID  suite  of  xenoliths  to  the  same  process  that  produced  the  Group 
II  kimberlites  and  provides  support  for  petrological  models  (Sweeney  et  al.,  1993)  suggesting 
that  MARIDs  represent  crystallisation  in  a  lithosphere  invaded  by  Group  II  kimberlitic  magma 
to  be  sampled  later  by  the  Group  I  kimberlitic  event . 
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Diamond  is  a  mineral  with  variety  of  crystallomorphological,  physics-chemical  and  other  features 
indicating  to  thermodynamical  and  geochemical  conditions  of  its  generation.  These  features  can  serve  as 
typomorphic  signs.  For  many  years  of  investigations  over  the  territory  of  Siberian  platform  the  detailed 
physiographical  and  instrumental  study  of  indication  peculiarities  provided  data  on  diamond 
morphology,  structure  of  crystals,  impurity  composition  and  entrance,  mineralogical  and  chemical 
composition  of  solid  inclusions,  carbon  isotope  composition,  types  of  alteration,  etc. 

Typomorphic  features  of  diamonds  were  studied  in  accordance  with  mineralogical  classification 
suggested  by  Orlov  Yu.L.  (1973,  1984)  and  justified  by  physical  data  (Bokiy,  1986).  This  classification 
distinguishes  11  genetical  varieties  of  diamonds  and  divides  the  crystals  by  habit,  morphology  and 
physical  properties.  Diamonds  were  studied  following  geological  data  correlated  to  mineralogical- 
petrological  peculiarities  and  in  correspondance  to  secondary  collectors  considering  age  and  genetical  type 
of  the  latter.  We  have  studied  hundred  of  thousands  of  crystals  over  259  objects  (kimberlite  bodies, 
ancient  secondary  collectors,  modem  placers)  of  the  Yakutian  diamondiferous  province.  The  goal  was  to 
distinguish  indicator  features  of  diamonds  in  definite  kimberlite  bodies,  ore  columns  in  kimberlite  bodies 
with  a  complex  geological  structure,  and  in  bushes  of  kimberlite  pipes,  to  determine  their  relation  with 
composition  and  diamond  content  in  kimberlites  and  to  map  the  host  and  placer  diamond  distribution 
over  the  Yakutian  diamondiferous  province. 

Typomorphic  features  of  diamonds  indicate  to  absence  of  zonality  in  fields  of  kimberlite 
magmatism  of  the  province  and  absence  of  vertical  zonality  inside  the  ore  columns  of  multiphase 
kimberlite  bodies.  This  fact  is  in  contradiction  with  opinion  of  Milashev  V.A.  and  Kovalsky  V.A.  who 
suggested  the  model  of  zonal  structure  of  kimberlite  provinces. 

Correlation  of  some  typomorphic  features  in  diamonds  with  kimberlite  composition  (mineralogy, 
petrography)  and  their  diamond  content  points  to  the  complex  relations  due  to  xenogenic  nature  of 
diamonds  in  kimberlite  rocks  and  their  different  epigenetic  history  in  various  pipes  and  ore  columns 
providing  processes  of  plastic  deformation,  dissolution,  corrosion  and  some  other  at  crystals. 

Negative  factor  for  diamod  content  in  kimberlites  is  the  increased  (more  than  18-20  %)  content  of 
typical  rounded  diamonds  of  the  "ural"  ("brazil")  type  and  the  fact  that  dodekahedrons  with  stripes  of 
plastic  deformation  are  common  not  only  for  kimberlite  veins  (Afanasiev  et  al.,  1974)  but  also  for 
kimberlite  pipes  with  poor  diamond  content  referring  to  independent  phase  of  kimberlite  magmatism 
which  in  majority  of  cases  preceded  the  intrusion  of  kimberlite  magma. 

Complex  study  of  mineralogy  and  physical  properties  of  diamonds  from  placers  allows  to 
distinguish  4  types  of  their  primary  sources:  I  -  diamonds  of  kimberlite  genesis  characteristic  for  rich 
deposits  of  Phanerozoic  age;  II  -  diamonds  of  kimberlite  genesis  characteristic  for  kimberlite  bodies  with 
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poor  diamond  content  and  kimberlite  veins;  III  -  diamonds  of  unclear,  supposedly  eclogite,  genesis 
untypical  for  kimberlite  bodies;  IV  -  diamonds  with  circular  structures  of  "impact"  genesis. 

These  data  gave  a  possibility  to  outline  the  area  of  Kyutyungdin  graben  and  the  associated  area 
of  Molodo-Daldyno-Toluop  interfluve  in  the  placers  where  diamonds  of  II  and  III  types  prevail.  This 
region  is  perspective  for  discovery  of  rich  kimberlite  bodies  of  pre-Carbon  age  bearing  diamonds  of  the  so- 
called  "kyutyungdin"  type  with  classical  pyropes  of  diamond  association  which  have  high  contents  of 
knoningite  component  comparable  to  diamond  content  of  Malo-Botuobyn  diamondiferous  region. 

Comparative  study  of  mineralogy  and  physical  properties  of  diamonds  from  secondary  collectors 
of  different  age  allowed  to  characterize  their  general  typomorphic  peculiarities  and  to  distinguish  among 
them  types  of  primary  sources  of  "mimy",  "kyutyungdin"  and  "Nizhnyaya  Lena"  ("ebelyakh")  types. 

We  have  shown  similarity  in  typomorphic  features  of  diamonds  from  collectors  of  different  age 
from  Ebelyakh  diamondiferous  field  and  Upper  Triassic  deposits  of  Nizhne-Lensky  region.  The  latter 
nowadays  are  the  most  ancient  known  diamond  collectors  typomorphic  for  the  majority  of  placers  at  the 
north-east  of  Siberian  platform  whose  primary  sources  have  not  been  distinguished  yet.  At  placers  of  the 
central  part  of  Yakutian  diamondiferous  province  (Malo-Botuobin,  Daldyno-Alakit,  Viluy,  Ygyatin, 
Morkokin,  Dyukunakh  and  Sredne-Markhin  diamondiferous  regions)  diamonds  of  type  I  prevail  in 
modem  as  well  as  in  more  ancient  Carbon,  Perm  and  Jurassic  deposits. 

In  the  north-east  of  Siberian  platform  (Anabar,  Sredne-Olenek,  Nizhne-Olenek,  Muno-Tiung  and 
Prilensky  diamondiferous  regions  coinciding  with  areas  of  Anabar  anteclise)  diamond  associations  of 
"ebelyakh"  (Nizhne-Lensky)  type  take  place  commonly.  Their  most  ancient  known  secondary  collectors 
are  the  Upper  Triassic  deposits  of  Predverkhoyan  trough.  For  diamonds  of  this  region  such  features  as 
size,  degree  of  unweamess  and  mechanical  wearing  increase  from  rim  parts  of  Anabar  anteclise  towards 
Anabar  massif.  It  is  in  accordance  with  major  direction  of  transgression  at  generation  of  the  given 
structure  during  geological  evolution  of  Siberian  platform.  The  most  high  degree  of  mechanical  wearing  is 
typical  for  diamonds  of  II,  V  and  VII  varieties  according  to  Orlov  Yu.L.  (Illrd  type  of  primary  source).  It 
suggests  their  more  complex  exogenic  history  in  comparison  to  other  types  of  primary  sources  of 
diamonds  in  this  region. 

Polycrystals  of  diamond  with  impurity  of  lonsdeilite  of  XI  variety  ("yakutite")  in  north-eastern 
placers  of  Siberian  platform  analogical  to  those  from  rocks  of  the  Popigay  structure  type  are  widely 
spread.  The  most  ancient  secondary  collector  are  ferrous  coarse  gravels  of  Neogene-Lower  Quaternary 
age. 

Obtained  data  on  the  study  of  typomorphic  features  of  diamonds  supports  the  necessity  of  their 
applications  of  criteria  for  regional  and  local  prognosis  and  for  solution  of  other  problems  in  searching 
of  diamonds. 
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MINERAL  INCLUSIONS  IN  DIAMONDS  FROM  THE  RIVER  RANCH  KIMBERLITE 


Kopylova,  M.G.,  Gurney,  J.J.,  Daniels,  L.R.M.l 

Geological  Department ,  University  of  Cape  Town ,  Rondebosch,  7700 ,  Cape  Town,  RSA 
1.  Auridium,  PO  Box  62,  Harare,  Zimbabwe 

A  suite  of  diamond  inclusions  from  the  River  Ranch  diamonds  has  been  investigated.  River 
Ranch  is  a  newly  discovered  pipe  in  the  Archean  Limpopo  Mobile  Belt  (LMB),  north  of  the 
Kaapvaal  craton.  The  River  Ranch  kimberlite  may  have  been  emplaced  530-540  Ma  ago, 
simultaneously  with  the  adjacent  Venetia  cluster  of  kimberlite  pipes  (Allsopp  and  Smith,  in  ’ 
press). 

Among  600  available  diamonds  (sieve  class  +6-9)  with  inclusions  99.7%  are  harzburgitic, 
containing  olivine  (Fo92-93),  orthopyroxene  (#Mg=93),  G10  garnets  and  chromites.  No 
clinopyroxenes  were  found.  The  rest  0.3%  of  the  diamond  population  came  from  eclogitic 
paragenesis  and  contain  orange  garnets.  Magnesio-wustite,  pyrrhotite,  pentlandite,  a  pure  silica 
phase,  amphibole,  perovskite,  Cr-Sr-loparite,  Cr-chevkimte,  iron  hydroxide  and  serpentine 
inclusions  we  also  found.  Compositions  of  diamond  inclusions  differ  from  those  for  the  River 
Ranch  kimberlite,  where  higher  proportion  of  garnets  are  Iherzolitic  G9  and  spinels  contain 
less  Cr  and  more  A1  and  Fe+^. 

Numerous  diamonds  with  coexisting  minerals  in  them  made  it  possible  to  calculate 

temperatures,  pressures  and  oxygen  fugacities.  Estimated  values  are  the  first  for  the  mantle 

beneath  the  LMB.  For  plotting  equilibrium  conditions  we  used  the  MacGregor  (MacGregor, 

1974)  barometer  together  with  the  Harley  (1984)  temperature  estimates  (Fig  1).  Diamond 

inclusions  from  the  River  Ranch  kimberlite  equilibrated  at  temperatures  of  1200-1 3 50°C  and 

pressures  of  47-61  kb  .The  majority  of  the  Ol-Gar  temperature  estimates  (O'Neill  and  Wood, 

1979)  is  substantially  hotter  than  those  for  Finsch  and  Koffiefontein  diamonds  and  compatible 

with  those  for  Roberts  Victor  and  for  the  Premier  diatreme,  varying  between  1250°  and 

1400°C.  Temperature  estimates  beneath  the  Limpopo  Mobile  Belt  lie  slightly  below  a  50 
2 

mW/m  geothenn  (Fig.  1),  whilst  beneath  the  Kaapvaal  craton  they  in  general  correspond  to  a 

2  2 

40  mW/m  geothenn;  and  beneath  Proterozoic  mobile  belts  to  a  80  mW/m  geothermal 

gradient  (de  Wit,  1992).  Temperatures  of  1300°C  are  reached  at  the  depth  of  180  km  within 
the  Limpopo  mobile  belt,  compared  to  180-190  km  beneath  the  Kaapvaal  craton,  and  150  km 
beneath  western  and  southeastern  mobile  belts  (Boyd  and  Gurney,  1986).  Thus,  the  Limpopo 
Mobile  Belt  is  hotter  than  some  localities  within  the  Kaapvaal  craton  and  cooler  than  adjacent 
Proterozoic  mobile  belts  with  barren  kimberlites. 

Oxygen  fugacities  were  calculated  for  olivine  -  spinel  +  orthopyroxene  assemblages  by  two 
methods  due  to  O'Neill  and  Wall  (1987)  and  to  Ballhaus  et  ai,  (1991).  The  River  Ranch 
inclusions  are  all  confined  to  a  range  of  oxygen  fugacities  between  WM  and  IW  buffers 
according  to  O'Neill  and  Wall  (1987)  and  between  WM  and  QFM  according  to  Ballhaus  et  a!., 
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(1991).  All  diamond  inclusions  from  the  Kaapvaal  craton  (Pig.  2)  fit  within  narrow  areas 
between  corresponding  buffers  indicating  that  the  Kaapvaal  deep  harzburgitic  mantle  as  a 
whole  was  well-buffered  and  relatively  homogeneous  in  f  C>2  at  the  time  of  harzburgitic 
diamond  formation.  The  O'Neill  and  Wall  (1987)  equation  seemed  to  yield  more  realistic 
results  than  Ballhaus  (1991).  The  O'Neill  oxygen  fugacities  place  our  samples  in  the  wustite 
stability  field,  which  is  true,  since  we  have  wustite  as  a  diamond  inclusion.  The  O'Neill,  Wall 
(1987)  estimates  define  the  oxygen  fugacities  for  the  River  Ranch  mantle  as  lying  well  within 
a  stability  field  for  a  pure  carbon  phase  and  equilibrated  with  reduced  (H2O-CH4  mixture) 
fluids. 
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Fig.l.  Estimated  equilibrium  conditions  (MacGregor,  1974;  Harley,  1984)  for  the  River  Ranch 
diamond  inclusions  compared  with  the  diamond  -  graphite  equilibrium  curve  (Kennedy  and 
Kennedy,  1976),  a  continental  ecotherm  calculated  for  the  heat  flow  of  40  mW/m,  a  geo  therm 
for  the  heat  flow  of  50  mW/ni  (Pollack,  Chapman,  1977),  and  a  geo  therm  which  fits  the 
River  Ranch  P-T  values  best  Shown  also  is  a  histogram  for  temperature  (O'Neill,  Wood, 

1979)  distribution  at  50  kb. 


Fig.2.  Oxygen  fugacities  (O'Neill  and  Wall,  1987)  recorded  by  harzburgite  inclusions  in  the 
River  Ranch  diamonds  plotted  against  temperature  (O'Neill  and  Wall,  1987)  at  50  kb.  Letters 
indicate  oxygen  fugacities  for  diamond  inclusions  from  other  South  African  localities:  K- 
Koffiefontein,  S-Star,  J-Jagersfontein,  F-Finsch.  Letters  inside  fields  mark  oxygen  fugacities 
fields  for  Roberts  Victor  (R)  and  Dokolwayo  (D)  (Daniels  and  Gurney,  1991).  Also  shown  is 
the  position  of  some  common  oxygen  buffers  and  the  maximum  mole  water  fraction  (GW). 


Mineral  chemistry  of  the  River  Ranch  harzburgitic  mantle  is  identical  to  that  of  granular,  low- 
temperature  lithospheric  garnet  peridotites.  Beneath  the  Limpopo  Mobile  Belt  the  River  Ranch 
diamonds  sample  chemically  depleted,  thick,  relatively  cool  lithosphere  -  absolutely  identical  to 
that  beneath  the  Kaapvaal  craton.  In  other  words,  the  Kaapvaal  "mantle  root"  stretches 
northward  beneath  the  Limpopo  Mobile  Belt  as  well. 
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This  fact  can  be  explained  with  a  help  of  recent  tectonic  and  geophysical  data.  The  data 
showed  the  LMB  as  a  thin  allochthon  tectonic  flake  lying  on  totally  alien  mantle  (de  Wit  et  al.,. 
1992,  1993).  Thin  crust  here  has  been  displaced  from  its  original  position  many  times.  The 
Limpopo  Mobile  Belt  is  a  superficial  tectonic  structure  and  is  not  rooted  in  mantle. 
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THE  FIRST  FINDING  OF  CR-SR-LOPARITE-TYPE  AND  CR-CHEVKINITE-TYPE 
MINERALS  IN  DIAMONDS. 
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Minerals  with  exotic  composition  containing  up  to  40%  of  rare  eath  elements  and  up  to  1 1%  of 
chrome  were  found  as  mineral  inclusions  in  diamonds  from  the  River  Ranch  kimberlite  pipe 
(Limpopo  Mobile  Belt,  SE  Africa). 

These  exotic  inclusions  were  found  due  to  green  haloes  of  radioactive  damage  in  two  diamonds, 
which  belong  to  the  type  laA.  Both  diamonds  host  numerous  (4-15)  brown  to  yellow  opaque 
inclusions  (50*30-80  mp)  with  green  haloes  (100*150  nyx).  The  inclusions  are  flat-faced, 
elongated,  of  irregular  shape.  During  this  study  we  only  analysed  the  inclusions  situated  far  away 
from  any  fractures.  Analyses  were  carried  out  on  a  fully  automated  Cameca/Camebax  Microbeam 
electron  microprobe  with  an  accelerating  voltage  of  25  kV  and  an  electron  beam  current  of  40  nA. 
Die  raw  data  were  treated  with  an  on-line  PAP  correction  program.  Most  elements  were  counted 
for  10  seconds  except  for  Ce,  Sr,  Nd,  Nb,  Pr,  Th  which  were  counted  for  30  seconds  to  increase 
precision. 

The  phases  responsible  for  die  radioactive  damage  were  found  to  be  a  chrom-strontkn-loparite 
type  mineral  inclusion  in  specimen  N413  and  a  chrom-chevkimtc-typc  mineral  inclusion  in 
specimen  N248.  The  chrom-strontian-Ioparite-type  mineral  contains  29.78-30.15%  Ti02,  0.61* 
0.7%  AI2O3,  7.81-7.77%  Cr2C>3,  0.39-0.41%  FeO,  1.81-2.03%  CaO,  0.16-0.1%  NajO,  4.46- 
4.44%  K20,  19.95-19.72%  SrO,  3.51-3.64%  Nl^O*  17.46-17.25%  La^,  12.69-12.53% 
€0203,  1.44-1.45%  Th02.  The  chrom-chevkimte-type  mineral  inclusion  has  in  its  composition 
18.73-20.54%  SiG2,  8.93-8.54%  Ti02,  1.27-8.12%  A^O*  11.54-11.14%  Cr2C)3,  1.04%  FeO, 
1.43%  MgO,  0.58-0.6%  CaO,  2.38-1.54%  SrO,  2.64-1.68%  11.76-12.03%  I^O* 

28.33-25.10%  Ce^  L32-1.38%Th02,  6.64-5.92%  Ndp*  2.28-2.21%  Prp*  1%F.  Sample 
N413  also  contains  rhoenite  and  an  unidentified  volatile-bearing  silicate  phase  as  alteration 
product!  for  the  loparite-type  mineral,  while  additional  mineral  inclusions  in  N248  diamond  are 
represented  by  a  high-manganese  spinel  and  an  unidentified  volatile-bearing  silicate  phase. 

Both  phases  are  isotropic,  with  very  high  index  of  refraction.  Reflectance  of  the  Cr-Sr-loparite- 
type  inclusion  closely  resembles  the  reflectance  of  Sr-loparite  (Haggerty  and  Mariano,  1983)  and 
decreases  from  18  to  16%  with  an  increase  of  wave  length.  A  reflectance  of  die  Cr-chevkinite- 
type  inclusion  is  14-12%  in  short  wave  diapason ,  but  equal  to  those  of  lopantes  at  te*600  nm. 

The  position  of  the  Cr-Sr-ioparite-type  mineral  in  die  ternary  system  perovskite-loparite-tausonite 
(Mitchell  and  Vladykin,  1993)  is  shown  in  Fig.  la.  The  River  Ranch  rare-earth  titanate  is  different 
in  composition  to  all  the  reported  perovskite-type  minerals  due  to  high  contents  of  K  and  Cr 
(Fig.  lb.  and  c).  Another  difference  between  the  inclusions  from  the  two  diamonds  and  reported 
lopantes  is  the  La/Ce  ratio.  In  all  lopantes  investigated  so  far  Ce  prevails  over  La  (La  wt%/Ce  wt% 
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=  0.65-0.82),  whilst  our  Cr-Sr  mineral  has  the  ratio  of  1.36-1.39.  The  Cr-chevkinite-type  mineral 
contains  much  chrome  in  contrast  to  chevkinites  and  penierites  and  lower  in  iron  content  than 
these  minerals. 

The  X-ray  diffaction  study  could  only  be  carried  out  on  the  Cr-Sr-loparite-type  grains  (due  to 
grain  size  restrains)  using  CuKa-radiation  with  a  Ni  filter  (to  obtain  monochroomatic  X-rays).  An 
exposure  time  of  10  days  in  an  evacuated  Gandolfi  earners  was  employed  to  collect  the  data.  Only 
the  strongest  reflections  are  given  in  Table  2  due  to  the  size  of  the  crystal  (<50  mp)  that  could  be 
mounted.  The  X-ray  data  is  different  to  that  of  loparite  and  Sr-loparite.  Therefore  we  conclude 
that  the  inclusion  extracted  from  the  N413  diamond  is  a  new  mineral. 


Table.  X-ray  diffraction  data  for  Cr-Sr  loparite 
and  the  per ovskite- type  minerals 
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Fig.  la-c.  2l  Compositions  (moi%  end-member  molecules)  of  tausonites  from  Little  Murun  and 
other  Sr-bearing  perovskites  in  the  ternary  system  perovskite-loparite-tausonite  (Mitchell  and 
Vladykin,  1993).Solid  field  corresponds  to  Cr-Sr-perovskite  in  assumption  that  loparite  end 
member  does  not  contain  K;  striped  field  -  in  assumption  that  loparite  end  member  contains  K.  b. 
Plot  of  Na-Ca-REE  for  loparites  and  tausonites  with  delineated  A-cite  classification  of  perovskite 
minerals  AB03  (Nickel  and  Me  Adam,  1963).  1-  Cr-Sr-loparite-type  mineral;  2-  Sr-loparite 
(Haggerty  and  Mariano,  1983);  3-  loparite  (Vlasov,  1966);  4-  tausonite  (Vorobiev  et  al.,  1984);  5- 
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Sr-Ce-perovskite  (Mitchell  and  Steele,  1992);  6-  REE-tausonite  (Mitchell  and  Vladykin,  1993)  c. 
Plot  of  REE+Ca-Na+Nb-Sr  for  loparites  and  tausonites. 

We  share  the  common  point  of  view  on  the  origin  of  titanates  and  minerals  containing  REE  and 
LXL-elements  in  the  mantle  due  to  metasomatism  (works  by  Haggerty  and  Erlank)  with  the  non- 
C02  fluid  enriched  with  K  and  F. 

The  green  colouration  of  haloes  around  radioactive  inclusions  was  shown  (Vance  and  MUledge, 
1972)  to  become  brown  above  600°C.  Therefore  our  diamonds  resided  in  the  upper  mantle  at  a 
depth  where  temperature  didn't  exceed  600°.  Mineral  phases  in  the  River  Ranch  diamonds  are 
equilibrated  at  a  50  mW/m2  geotherm,  which  reaches  the  temperature  of  600°  approximately  at 
P=24  kb  (80  km)  (Kopylova  et  al.,  1995).  Similar  parameters  of  origin  (P=20-30  kb  and  T=1000- 
1100°C)  for  mantle  rare  earth  titanates  were  published  by  Haggerty  et  al.  (1983a) 

Diamonds  are  not  stable  at  the  600°C  temperature  and  a  pressure  less  than  34  kb.  Thus,  the 
investigated  inclusions  are  not  epitaxial.  We  attribute  a  presence  of  REE  titanates  in  non-fractured 
diamonds  either  to  metastable  growth  of  the  diamonds  or  to  metasomatising  agent  penetrating 
diamonds  via  healed  fractures.  In  both  cases  our  phases  are  typical  for  metasomatism  predating 
kimberlite  formation,  rather  than  for  an  unaltered  mantle.  A  non-epitaxial  origin  of  the  exotic  REE 
titanates  is  confirmed  by  a  coexistence  of  a  low-pressure  high-manganese  spinel  and  the  presence 
of  K  (rather  than  sodium,  usually  occuring  in  the  loparite)  in  the  loparite-type  mineral. 
Concentrations  of  the  highly  inert  elements  Ti  and  Cr  in  studied  radioactive  phases  seem  to  be 
inherited  from  a  pre-metasomatic  mantle  peridotite. 
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KIMBERLITES  OF  YAKUTIA  AND  SOUTH  AFRICA .  ASPECTS  OF  COMPARATIVE 
STUDY 

Kornilova,  V.P.  and  Safronov  A . F . 

Yakutsk  Institute  of  Geosciences,  Yakutsk  677891,  Russia. 

Study  of  individual  kimberlite  pipes  in  Yakutia  and 
extrapolation  of  data  obtained  by  comparing  kimberlites  from 
areas  with  different  erosion  levels  has  revealed  definite 
differences  in  the  structure  and  distribution  of  kimberlite 
rocks  of  various  types  and  varieties  in  Yakutia  and  South 
Africa . 


In  the  Yakutian  province,  the  average  size  of  kimberlite 
pipes  decreases  from  south  to  north.  Larger  pipes,  often  of 
complicated  configuration  with  pinches  and  blows,  in  the 
southern  fields  of  the  province  (Malo-Botuobinsk,  Alakit, 
Daldyn,  Upper-Muna)  give  way  northwards  to  smaller,  simpler  in 
configuration,  conjugate  bodies  or  groups  of  adjacent  bodies. 
Also,  the  structure  of  kimberlite  pipes  becomes  simpler  in  this 
direction . 

For  the  southern  part  of  the  province,  exploration  and 
mining  data  indicate  that  kimberlite  pipes  consist  of  two  parts 
in  vertical  section:  a  funnel  and  a  columnar  channel  that 
tapers  downwards . The  funnel  and  the  columnar  part  are  filled 
with  kirfiberlite  breccias  with  variable  amounts  of  wallrock  and 
mantle  xenoliths.  Wallrock  xenoliths  are  abundant  in  kimberlite 
breccias  in  near-contact  and  upper  zones  of  pipes,  especially 
low-angle  contact  areas,  as  well  as  in  near-contact  zones  of 
columns  of  major  emplacement  phases  and  in  zones  around 
sedimentary  reefs.  With  depth  and  towards  the  center  of  a  pipe 
or  an  ore  column,  xenoliths  regularly  decrease  in  amount. 
Found  not  infrequently  around  sedimentary  reefs  and  in  low- 
angle  contact  areas  in  the  funnel  are'  specific  layered  rocks  of 
debatable  origin.  Some  researchers  (Lipatova  et  al . ,  1979) 

refer  them  to  crater  deposits,  whereas  others  (Zolnikov, 

Egorov,  1070;  Zolnikov  et  al .  ,  1979)  argue  that  the  banded 

and  layered  textures  have  resulted  from  either  an  interaction  of 
kimberlite  melt  with  sedimentary  reefs  or  liquid  flow  in  the 
pipe  body  during  infilling.  Both  the  funnel  and  the  columnar 
part  are  filled  with  kimberlite  breccias  of  two  textural 
varieties:  autolithic  kimberlite  breccia  (KBA)  and  kimberlite 

breccia  with  a  •  massive- textured  groundmass  (KBM)  .  There 
are  no  other  differences  between  kimberlite  breccias  of  the  two 
parts  of  the  pipes,  except  lower  density  and  fracturing  of  the 
rocks  in  the  upper,  horizons  and  some  change  in  composition 
(decrease  in  the  amount  of  serpentinization  with  depth) . 
Within  each  textural  variety,  there  are  differences  which 
reflect  repeated  emplacement  of  kimberlite  material.  The 
structure  of  the  pipes  is  complicated  by  pre-pipe  veins  and 
intra-pipe  kimberlite  injections. 

The  proportions  of  KBA  and  KBM  differ  within  different 
diatremes . In  the  southern  fields  of  the  province,  KBA  and  KBM 

295 


occur  in  nearly  equal  amounts.  In  the  northern  fields,  starting 
from  the  Kuranakh  one,  the  proportion  of  the  pipes  filled  with 
KBM  gradually  decreases  to  become  quite  low  in  the  Ary- 
Mastakh,  Starorechensk, Dyuken  and  Kuoika  fields.  In  the  latter 
fields  where  the  erosion  level  is  1.5-2  km  (Brakhfogel, 
Kovalsky,  1970,  1975)  ,  the  type  KBA  is  predominating.  However, 
it  is  often  associated  with  rocks  that  are  thought  to  be 
related  to  the  intrusive  facies  of  kimberlite  magmatism 
(Kovalsky,  1963;  Kornilova  et  al . ,  1983;  Nikishov,  1984)  and 
are  referred  to  as  "kimberlite",  as  well  as  to  rooks  that  are 
analogous  to  alnoites  (monticellite-  and  melilite-bearing, 
finely  porphyritic,  massive  rocks)  and  compose  the  adjacent 
dikes  and  stocks.  Rb-Sr  and  K-Ar  ages  of  the  rocks  (Brakhfogel, 

1983)  indicate  that  they  are  contemporaneous  with  the  pipes. 

In  the  southern  fields,  such  rocks  are  found  as  fragments  in 
breccias  and  as  intra-pipe  injections. 

From  the  above  it  follows  that  in  Yakutian  kimberlite 
pipes  diatreme  and  hypabyssal  intra-pipe  facies  do  not  differ  in 
rock  type  or  texture  as  has  been  found  for  South  African 
kimberlite  pipes  (Mitchell,  1986;  Clement  and  Skinner,  1989) 

KBA  and  KBM  (kimberlites,  kimberlite  breccias  and  tuffisitic 
kimberlites  and  tuffisitic  kimberlite  breccias  in  Clement  and 
Skinner's,  1985,  terminology)  can  be  found  both  in  the 
diatreme  and  hypabyssal  zones.  Moreover,  pipes  of  the 
northern  part  of  the  province  with  deeper  erosion  levels  suggest 
that  the  proportion  of  autolithic  (tuffisitic)  kimberlite 
breccias  increases  in  hypabyssal  parts  of  the  pipes.  The 
presence  of  crater-facies  epiclastic  and  pyroclastic 
kimberlites  has  not  been  documented  in  the  Yakutian  province. 

Therefore,  our  proposed  model  of  the  structure  of  the 
kimberlite  system  of  Yakutia  is  as  follows.  Like  in  the  model 
for  kimberlite  magmatism  of  South  Africa  (Hawthorne,  1975; 
Mitchell,  1986) ,  there  are  morphological  elements  such  as  pre- 
and  post-pipe  veins  and  dikes,  sills,  stocks  and  pipes.  Each 
element  is  an  independent  formation  related  to  a  particular 
stage  of  emplacement  of  a  kimberlite  melt.  In  the  sedimentary 
cover,  kimberlite  bodies  have  a  zone  distribution:  kimberlite 
and  alnoite  dikes  and  stocks  are  restricted  to  the  lower 
horizons  of  the  cover,  whereas  kimberlite  veins  and  pipes 
occur  throughout  the  cover  up  to  the  paleosurface  (Nikishov, 

1984)  .  Kimberlite  pipes  are  filled  with  kimberlite  breccias  of 
any  of  the  two  textural  varieties,  irrespective  of  depth. 
However,  study  of  the  deeply  eroded  pipes  of  the  northern  part 
of  the  province  indicates  that  tuffisitic  (autolithic) 
kimberlite  breccias  ate  a  predominant  rock  type  with  depth.  The 
rocks  which  compose  dikes  and  stocks  and  are  related  to  the 
intrusive  facies  of  kimberlite  magmatism  differ  in  composition 
from  similar  kimberlite  rocks  that  fill  root  zones  of  the 
pipes  and  are  related  to  the  subexplosive  facies  of  kimberlite 
magmatism.  There  are  also  some  compositional  differences 
between  intrusive  rocks  of  pre-pipe  and  post-pipe  stages. 
Analysis  of  all  the  facies  of  kimberlite  magmatism  indicates 
that  kimberlite  melt  evolved  with  time,  with  initial  portions 
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being  richer  in  titanium,  aluminium,  iron  and  alcalies  relative 
to  subsequent  ones . 

No  division  into  Groups  1  and  2,  like  in  South  Africa, 
can  be  made.  Yakutian  kimberlites  are  characterized  by  wide 
variations  of  geochemical  and  chemical  compositions,  with  no 
distinct  grouping.  Initial  Sr87/Sr86  ratio  of  Yakutian 
kimberlites  varies  within  0.7034  and  0.7127,  being  the  highest 
in  micaceous-carbonate  kimberlites  and  kimberlite  breccias  with 
both  high  and  low  Ti02  concentrations. 

Yakutian  kimberlites  also  differ  from  South  African 
ones  in  some  compositional  characteristics,  prevailing 
morphologies  and  diamond  grade . 

These  distinctions  are  due  to  a  number  of  objective 
and  subjective  factors  that  call  for  joint  studies  of  kimberlite 
magmatism  on  a  global  scale. 
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PETROCHEMICAL  AND  GEOCHEMICAL  FEATURES  OF  KIMBERLITES  OF  NORTH- 
RUSSIAN  PROVINCE. 

S.  I.  Kostrovltsky 

Institute  of  Geochemistry,  664033,  Irkutsk,  Russia 

The  North-Russian  province  (NRP)  (Arkhangelsk  region)  con¬ 
sists  of  the  diatrem  groups:  Zolotitskaya,  Verkhotinskaya,  K©pin- 
skaya,  Izhmo-Ozerskaya.  There  are  also  dikes  and  sills.  The  sill 
named  Mela  is  located  separately  from  the  clusters.  The  pipes 
are  composed  of  breccias,  autolithic  breccias  and  xenotuff 
breccias.  The  massive  porphyrite  kimberlites  are  rare.  The  hy- 
pabyssal  bodies  are  filled  with  the  fine-porphyrite  massive 
kimberlites . 

The  North-Russian  province  is  characterized  by  the  wide  va¬ 
riations  of  a  rock  mineralogical  composition.  Only  the  Zolotits- 
kii  group  bodies  consist  of  the  typical  kimberlites.  The  picrites 
and  alnoites  having  the  clinopyroxene,  melilite  and  nepheline  in 
the  composition  are  present  together  with  kimberlites  in  other 
groups.  The  kimberlites  are  completely  altered  by  the  metasomatic 
processes  and  mostly  represented  by  a  carbonate-serpentine-sapo- 
nite  aggregate. 

The  petrochemical  and  isotope-geochemical  investigations  of 
the  Zolotitskaya  kimberlites  as  well  as  kimberlites  and  picrites 
of  the  Izhma-Ozer3kaya  and  Verkhotinskaya  groups  have  been  made. 
The  samples  were  analyzed  by  the  quantitative  spectral,  XRF  and 
flame  photometry  methods.  REE  were  determed  by  the  spectral  ana¬ 
lysis,  using  the  preliminary  enrichment. 

The  MRP  diatrem  kimberlites  have  higher  contents  of  Si02, 
AlaOa,  Na20  and  lower  concentrations  of  the  carbonate  component 
than  Yakutian  and  S.  African  ones.  This  fact  is  partially  ex¬ 
plained  by  the  contamination  of  the  host  Vendian  quartzitic 
sandstones.  The  high  contents  of  Si02,  Na20  (sometimes 
Na20/K20>l)  from  the  autolithic  and  porphyric  kimberlites  indi¬ 
cate  that  these  composition  features  were  common  to  kimberlites 
at  the  melting  stage.  The  chemical  composition  of  NRP  hypabys- 
sal  kimberlites  is  similar  to  that  of  Yakutian  and  S.  African 
kimberlites.  The  space  proximity  of  kimberlites,  picrites  and 
alnoites,  the  wide  variation  of  Fe,  Ti,  Na20/K20  composition  sug¬ 
gest  high  differentiation  of  the  NRP  kimberlites. 

The  trace  element  contents  in  the  kimberlite  of  NRP,  Yaku¬ 
tian  and  S.  African  are  closely  allied  (fig.  1)  In  fact  the 
curves  of  the  normalized  to  the  hondrite  average  trace  element 
contents  coincide.  The  REE  distribution  is  typical  of  the 
kimberlites  (La/Yb>50)  but  the  REE  distribution  curve  of  the 
diatrem  kimberlites  has  clearly  marked  Eu  minimum  (fig.  2} .  It 
may  be  explaned  by  the  host  rock  contamination.  The  hypabyssal 
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Fig.  1.  The  curves  of  the  normalized  to  the  hondrite  average  tra¬ 
ce  element  contents  of  the  kimberlites:  1  -  South  Africa,  2  - 
Yakutian  province,  3  -  North-Russian  province. 

kimberlites  are  distinctly  enriched  in  the  incompatible  elements 
including  REE  having  distribution  similar  to  that,  of  REE  of 
Yakutian  and  S.  African  ones. 

The  three  groups  of  the  oxides  and  trace  elements  have  been 
recognized  on  the  basis  of  the  correlation 
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CaO, 
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The  positive  correlation  in  the  groups  and  negative  correla¬ 
tion  among  the  groups  suggests  that  the  differentiation  processes 
had  the  great  importance  in  the  kimberlite  formation. 

The  isotope  data  of  NRP  kimberlites  (Kostrovitsky  et  ai . , 
1991)  evidences  MORB  close  mantle  source.  The  C  and  0  stable 
isotope  composition  indicates  the  more  considerable  hydrothermal- 
metasomatic  kimberlite  alteration  as  compared  with  Yakutian  kim¬ 
berlites.  The  isotope-geochemical  characteristic  of  picrites  as¬ 
sociated  with  kimberlites  conforms  with  the  conclusion  about 
the  common  rock  mantle  source. 
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Fig. 2.  REE  distribution  patterns  for  kimberlites  from  different- 
provinces*.  1-5  NRPi  1-sill* s  kimberlite,  2-pipe  Lomono¬ 
sov,  massive  kimberlite,  3-pipe  Pioneerskya, kimberlite  breccia,  4- 
pipe  Lomonosov, breccia, 5-Izhma-0zerskaya  group, picrite,  6-S.  Af¬ 
rica  (Muramatsu, 1983) ,  7-Yakutiya  (Ilupin  et  al,1978) 

Ilupin,  I.  P.,  Kaminskii,  F.  V. ,  Frantsesson,  E.  V.  1978.  Geochem¬ 
istry  of  kimberlites.  Nauka  Press,  Moskow,  352  pp. (Russian) . 
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Bobrov,  V.  A.  1991.  In:  Extended  abstracts  of  5  Intern, 
kirob.  confer.  Brasilia,  pp.557-559. 
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THE  TRENDS  OF  VARIABILITY  OF  GARNET  MEGACRYST  COMPOSITION  FROM 
DIAMOND-BEARING  AND  DIAMOND- DEVOID  KIMBERLITE  PIPES  (YAKUTIA, 
RUSSIA) 

S .  I .  Kostrovitsky1,  R. G. Mitchell2 

1  Institute  of  Geochemistry  SB  RAS,  664033,  Irkutsk,  Russia 

2  Lakehead  University,  Ontario,  Canada 

The  compositions  of  garnet  megacrysts  have  been  defined  in 
representative  collections  obtained  for  some  years  from  kimber¬ 
lite  pipes  of.  the  Yakutian  province.  The  garnet  megacrysts  from 
diamond-bearing  pipes  Mir,  Udachnaya-Vostochnaya,  Udachnaya- 
Zapadnaya,  Zarnitsa,  Dalnyaya,  and  a  cluster  of  pipes  Vesely  show 
close  intervals  of  variability  of  contents  of  main  oxides,  simi¬ 
lar  trends  of  variability  (Si02-MgQ,  Si02-Fe0,  Si02-Ca0,  FeO-MgO, 
Cr203-Al203,  Ti02-Al203,  Mg/Mg+Fe) -Cr203)  . 

On  the  other  hand,  the  compositions  of  megacrysts  from  every 
pipe  have  their  own  features  (Table  1),  which  is  particularly 
evident  from  average  contents  of  Cr203,  different  location  on  the 
diagrams  of  linear  trends. 

The  megacrysts  of  garnet  from  diamond-devoid  pipe  Pyatnitsa 
(Kuoisky  field, , northern  margin  of  Yakutian  province)  signifi¬ 
cantly  differ  from  megacrysts  of  diamond-  bearing  pipes  in  in¬ 
creased  iron  and  low  contents  of  Ti02  and  Cr203.  On  the  triangular 
diagram  Mg-Fe-Ca  the  figurative  points  of*  the  garnet  composition 
make  up  a  trend  parallel  to  the*Mg-Ca  axis  with  relatively  con¬ 
stant  contents  of  iron.  The  diamond-bearing  kimberlites  are  char¬ 
acterized  by  Mg-Fe  trend  with  relatively  constant  Ca. 

The  wide  variations  of  magnesium  and  chromium  contents  of 
garnet  megacrysts  up  to  the  emergence,  when  calculating  the  knor- 
ringite  minal,  variations  of  Si02  to  the  emergence  when  calculat¬ 
ing  for  formula  quantities  of  excessive  silica  indicate  that 
crystallization  of  garnet  proceeded  at  a  noticeable  variation  of 
pressure.  The  comparison  of  composition  of  garnet  from  megacrysts 
and  polycrystalline  aggregates  with  diamonds  (data  for  Mir  pipe 
by  N.  V.  Sobolev  (1974)  suggest  the  possibility  of  existence  of  a 
single  crystallization  trend  of  garnets  starting  from  a  joint 
crystallization  of  diamonds  and  completing  with  a  joint  crystal¬ 
lization  of'  picroilmenites. 

The  features  of  trends  of  garnet  megacryst  compositions 
agree  with  their  genetic  relation  with  kimberlite  melts  starting 
ascending  from  the  depth  of  asthenospheric  layer. 
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AVERAGE  COMPOSITION  AND  CONTENT  RANGE  OF  GARNET  MEGACRYSTS 


FROM  KIMBERLITE  PIPES  OF  YAKUT I AN  PROVINCE 


Udachnaya- 

vostochnay 

Mir 

(21) 

Dalnaya 

(15) 

Veselaya 

(64) 

Pyatnits 

(24) 

Si02 

41.07-42.31 

41.23-42.3 

40.78-41.9 

41.12-42.56 

40.78-41.7 

Ti02 

41.73 

0.53-1.58 

41.84 

0.63-1.16 

41.53 

0.52-1.37 

41.77 

0.42-1.67 

41.23 

0.29-0.94 

A1203 

1.11 

18.57-22.01 

0.88 

19.88-22.01 

0.95 

18.57-21.94 

1.09 

19.07-22.43 

0.66 

21.05-22.7 

Cr203 

20.23 

0.63-4.89 

20.85 
0.1-2  ..26 

20.18 

0.43-4.43 

20.32 

0.41-3.57 

21.96 

0.0-0.79 

FeO 

1.77 

7 .77-11.77 

1 . 13  " 
7.55-12.49 

2.39 

7.63-10.74 

1.80 

7.62-11.92 

0.11 

9.46-13.9 

MnO 

9.63 

0. 13-0. 5 

9.89 

0.22-0.42 

9.40 

0.22-0.52 

9.  64 

0.17-0.52 

12.43 

0.28-0.52 

MgO 

0.33 

18.94-21.69 

0.33 

18.52-22.38 

0.37 

18.48-20.82, 

0.-35 

18.62-21.52 

0.43 

16.27-20.0 

CaO 

20.10 

3.72-5.3 

20.13 

3.64-4.78 

19.70 

4.52-5.62 

20.06 

3.73-6.51 

17.74 

4.35-6.07 

4.68 

4.50 

4.97 

4.63 

5.09 

Mg# 

0.74-0.83 

0.72-0.82 

0.75-0.83 

0.74-0.83 

0.68-0.79 

0.78 

0.77 

0.79 

0.7  9 

0.72 

Py 

60.71-74.83 

64.10-71.43 

60  .-45-71 . 85 

61.66-74.67 

56.69-69.1 

Aim 

66.79 

14.94-22.68 

67.52 

14.79-24.36 

65.69 

14.89-21.17 

66.88 

14.75-23.08 

61.99 

18.51-27.0 

Sp  ess 

18.54 

0.31-0.97 

19.94 

0.32-0.97 

18.34 

0.32-0.99 

18.68 

0.32-0.98  • 

24.38 

0.64-0.98 

Gross 

0. 85 

0.00-2.93 

0.67 

0.00-3.07 

0.73 

0.00-6.19 

0.67 

0.00-4.14 

0.85 
3.9-7..  9 

And 

0.11 

0.99-8.52 

0.83 

3.43-7.99 

1.28 

2.46-7.59 

0.26 

0.99-8.57 

6.22 

0.93-6.23 

TiAn 

5.95 

1.46-4.26 

5.68 

1.93-2.91 

4.93 

1.46-3.82 

5.74 

0.98-4.34 

0.50 

0.97-2.43 

Uv 

2.92 

0.16-4.47 

2.4  9 
0-5.23 

2.42 

0.98-7,92 

2.8  6 

0.00-7.45 

0.74 

0.00-1.95 

■ 

| 

Knor 

2.61 

0.00-8.94 

2.17 

0-1.92 

•  3.76 
0.00-6.64 

2.62 

0.00-6.43 

0.32 

0.0-0.00 

2.44 

0.65 

2.85 

2.29 

0.00 
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THE  MELA  SILL  AS  THE  CARBONATITE-KIMBERLITE  BODY  NORTH-RUSSIAN  PROVINCE, 
RUSSIA. 


Kostrovi tsky ,  S.  I  ,  Suvorova,  L.  F. 

Institute  of  Geochemistry,  Siberian  Branch  of  Russian  Academy  of 
Sciences,  664033,  Irkutsk,  Russia 

In  addition  to  pipe  and  dyke  bodies  three  sills  have  been  found  m 
the  North-Russian  kimberlite  province  (Arkhangelsk  region) .  One  of  them, 
the  Mela  sill,  is  known  (Stankovskyi  et  al  ,  1977)  as  an  individual 
kimberlite  body  located  of  kimberlite  pipes  30  km  northward  from 

the  main  area  The  authors  suppose  that  the  high  content  of  carbonate 
component  results  from  the  superimposed  intensive  carbonatizat ion .  The  » 
host  sill  rocks  are  the  terrigenous  layered  sediments  of  si It stones, 
argillites,  sandstones 

The  Mela  sill  is  obsrved  on  three  sites  which  are  400  and  1000  m 
apart  A  gradual  decrease  of  the  thickness  of  layered  bodies  (  from  1  5 
m  on  the  northern  site  to  0.2  m  on  the  southern  one),  a  gradual  increase 
of  relative  volume  of  the  carbonate  (calcite)  layers,  occupying  the  upper 
sill  part  and  a  similar  kimberlite  composition  confirm  that  these  tlaee 
sites  originated  from  the  common  incurrent  canal 

The  kimberlite  occurs  as  an  the  aggregate  of  serpentine  calcite  and 
montmorri Ionite  The  groundmass  consists  of  phiogopite  (  the  content 
l ncreases  f  rom  t he  nor t hern  to  the  sou t hern  site),  tit anomagne t i t e , 
apatite.  There  are  garnets  and  spinellide  as  accessory  minerals.  The 
calcite  sometimes  with  the-  dolomite  is  included  into  the  matrix  forms 
the  nodular  elongated  segregations  veinlets  in  the  massive  kimberlite, 
as  well  as  separate  layers.  The  latter  are  generally  filled  by  small- 
medium  crystalline  calcite.  The  Mela  sill  contains  rare  subzones,  lenses, 
in  which  differently  oriented  large  calcite  laths  form  the  framework 
spmipheks-lik©  texture. 

Garnet  is  small  grains  of  pyrope-almandine  composition  (to  44/i  of 
pyrope  minal ) 

The  spinel lid©  constitute  the  major  part  of  heavy 
fraction  Titanomagnet i te  is  predominant  the  alimospmel 
(18-22/0  ^nd  titanospinel  (21-27/0  finals  being  most  significant  The 
larger  idiomorphic  chrome-spinel lid  crystals  are  rare  Cr203  content 
varies  from  23  3  to  54  3  X.  The  zoned  spinellide  are  found  The  central 
parts  of  these  spinellide  consist  of  magnetite,  chrome-spinel lid,  while 
the  peripheral  ones  are  represented  by  titanomagnet ites,  similar  in 
composition  to  the  titanomagnet ites  of  the  kimberlite'  matrix 

Phiogopite  forms  small  tabular  crystals  in  the  matrix  It  is  also 
found  in  calci  te-beanng  aggregates  as  the  rims  around  spinel  lid 
grains  The  phiogopite  often  displays  the  zoned  pattern  which  is  marked 
by  the  increasing  of  FeO,  AI2O3  and  BaO  contents  (up  to  11  IbX)  and 
decrease  of  K2O,  Na20,  Ti02  and  Cr203  contents  towards  the  marginal 
parts . 

The  chemical  kimberlite  composition  of  the  Meia.  sill  (Si02  -  24  04 
TiO->  -  1.15;  A1203  -  4  32:FeOr  11  31  FeO  -  1  52;  MnO  -  0  31  HgO  - 
17.64;  CaO  -  18.00;  Na20  -  0^.15;  K20  -  0.40;  P205  -  1.13;  H  >0  r-  8.88,  C02 
-  11.09;  F  -  0  23)  is  comparable  with  the  Benphontein  sill  kimberlite 
composition  (Dawson,  Hawthorne,  1973)  and  is  marked  by  a  higher  carbonate 
component  and  very  high  iron  oxidation. 

The  rare  element  composition  of  rocks  (  in  ppm);  Cr  -  800-1700),  Ni 
(240-  1100),  Co  (15-76),  Sc  (8-12);  V  (200-210);  Zn  (  25-190),  Pb  (5-14) 
Cu  (7  -45),  Sn  (1.7-3. 2);  Ag  (  0.6-1. 2),  Zr  (20-90);  Nb  (90-120);  Li  (26- 
80);  Rb  (5-20);  Sr  (1200-1600);  Ba  (2400-3000);  la  (140-250),  Ce  (210- 
440);  U  (4-19),  Th  (4-29)  characterizes  them  as  kimberlites  considering 
the  maximum  contents  of  compatible  elements  and  those  of  incompatible 
elements  (Sr,  Ba,  TR  U,  Th)  to  be  carbonatites 
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It  should  bo  noted,  that  the  carbonate  component  is  different  from 
the  silicate  one  in  the  lower  isotope  ratio  u7Sr/SbSr  (0.70361  and 
0  70523  correspondingly).  High  Sr,  Ba  and  TR  contents  in  the  calcite. 
low  isotope  Sr  composition  indicate  the  magmatic  mantle  nature  of  the 
carbonate  component 

Thus  the  features  of  mineralogical ,  chemical,  microelement 
compositions  of  oxide-silicate  phase  characterize  the  rocks,  filling  the 
Mela  sill  as  the  kimberlite;  the  iso tope -geochemical  composition  of  the 
carbonate  phase,  the  confined  apat ite-phlogopite  mineralization 
correspond  to  the  typical  carbonatite  characteristics. 

Stankovsky ,  A  F .  ,  Venchev.E  M  ,  et  al .  1079  Doklady  Akademii 
Hauk  SSSR,  247,  H  b,pp.  1456-1460(Russian) . 

Dawson  J  B.  and  Hawthorne  J  B  1973. 

S  Afric  J.Geol.  Soc  Lond  w.129,  pp  61-85 
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DYNAMIC  EFFECT  OF  TRAPS  ON  KIMBERLITES:  IDENTIFICATION  OF  KIMBERLITE 
KLIPPEN 


A. I.  Kruchkov1,  A.D.  Kharkiv2,  V.V.  Rogovoi1 

1.  “Almazy  Rossii-Sakha”  Co.  Ltd. 

2.  CNIGRI,  Moscow 

Vigorous  dynamic  activity  of  trap  bodies  was  reported  for  the  Alakit-Markha  kimberlite  field 
(Yakutia).  This  activity  is  illustrated  by  the  displacement  of  the  Lower  and  Upper  Paleozoic  blocks  of 
sedimentary  rocks  and  kimberlites,  both  horizontal  and  vertical.  The  amplitude  of  these  displacements 
depends  upon  the  morphology  of  trap  bodies,  their  thickness,  and  is  equal  to  180  m  and  more  (the  full 
thickness  of  sill)  vertically  and  several  hundreds  meter  along  strike. 

Firstly,  along-strike  displacement  (to  250  m)  of  the  sheet  of  Lower  Paleozoic  sedimentary  rocks 
with  a  captured  segment  of  kimberlite  body  was  recorded  for  the  Podtrappovaya  pipe.  Since,  the  blocks  of 
kimberlite  rocks  mechanically  separated  from  their  parental  bodies  are  called  as  "kimberlite  klippe". 

There  are  two  types  of  klippen  depending  on  the  dynamic  force  of  trap  bodies:  those  located  close 
to  parental  body,  and  those  displaced  at  a  significant  distance.  Discovery  of  a  klippe  is  a  direct  search  sign 
that  proves  the  occurrence  of  its  root  part  nearby.  However,  it  is  rather  difficult  to  reconstruct  the  trace  of 
separated  block  displacement  and  to  define  the  most  probable  position  of  its  root. 

To  date,  three  large  klippen  have  been  found  within  the  Alakit-Markha  kimberlite  field.  Their 
parental  bodies  are  the  Podtrappovaya,  Yubileinaya,  and  Alakit  pipes. 

All  the  blocks  of  separated  kimberlites  are  stratiform  bodies  which  size  is  likely  dictated  by  the 
different  power  of  intruded  trap  sills. 

The  Alakit  pipe  and  its  kimberlite  klippe  are  located  in  the  upper  streams  of  Alakit  River.  Both 
belong  to  the  SW  group  of  bodies  of  the  Alakit-Markha  kimberlite  field  and  tend  to  ore-bearing  zone  of 
the  North-East  deep  fault. 

The  upper  part  of  pipe  and  the  rocks  of  the  separated  block  are  composed  of  brown  middle- 
coarse  grained  xenic  tuff-breccias  with  the  traces  of  trap  dynamic  effect  that  are  exhibited  in  their  strong 
mylonitization  and  folding,  so  that  even  schistose  zones  are  formed.  These  transformations  plus  erosion 
processes  essentially  changed  kimberlite  rocks  of  the  klippe. 

To  solve  the  problem  whether  the  klippe  relates  to  the  one  of  it  surrounding  kimberlite  pipes, 
there  can  be  used  a  criterion  for  the  individuality  of  chemical  composition  and  physical  properties  of  any 
statistic  population  of  kimberlite  indicator  minerals  for  each  their  primary  source.  Compositional  study  of 
garnet,  picroilmenite,  Cr-spinel  from  the  pipe  and  nearest  klippe  was  carried  out  using  the  technique  of 
partial  microprobe  analysis  by  "Geol  50A"  microprobe  analyzer  in  the  Institute  of  Geology,  Yakutian 
Scientific  Centre,  SB  RAS.  High  portion  of  low-Cr  garnets  is  typical  of  both  the  pipe  and  klippe  (30.2  and 
40.8  %,  respectively).  Most  klippe  garnets  are  almandines  from  crystalline  basement  rocks.  The  portion  of 
the  garnets  of  dunite-harzburgite  and  diamond  assemblages  is  rather  high,  as  well.  Somewhat  part  of 
garnets  from  both  bodies  is  represented  by  lherzolite  assemblage  garnets. 

In  the  MgO-TiC>2  diagram  the  compositional  points  of  picroilmenites  from  our  considered  bodies 
form  a  single  field.  Comparison  of  such  characteristics  as  mean  MgO,  CnCh,  TiC>2  contents,  their  extreme 


305 


values,  and  dispersion  of  separations  promotes  to  relate  these  picroilmenite  assemblages  to  one  and  the 
same  source. 

While  correlating  the  chemical  composition  of  pipe  and  klippe  kimberlite  breccias,  the  widest 
variations  of  major  oxides  (SiCh,  MgO,  CaO,  CO2,  etc.)  should  be  noted.  The  reason  for  this  is  the 
presence  of  host  rock  xenogenic  matter  in  the  samples  analyzed.  Elevated  AI2O3,  CaO,  CO2,  and  K2O 
contents  are  reported  for  most  samples  of  pipe  and  klippe  kimberlites  due  to  the  hybrid  composition  of 
host  rocks. 

As  a  whole,  the  study  of  kimberlites  from  the  pipe  and  its  adjacent  klippe  confirmed  that  the 
rocks  of  those  bodies  are  similar.  The  nearly  equal  portion  of  heavy  separation  minerals  and  the  ratio  of 
main  indicator  minerals  (pyrope,  ilmenite,  Cr-spinel),  plus  high  share  of  diamond  assemblage  garnets  and 
similar  composition  of  garnets  and  ilmenites  are  typical  of  both  rock  groups.  Thus,  the  aforesaid 
materials  suggest  that  the  parental  body  of  separated  kimberlite  block  is  the  Alakit  pipe. 

Taking  into  consideration  the  cited  material  and  earlier  obtained  data  we  recommended  the 
mineralogical  criteria  for  the  identification  of  peculiar  kimberlite  bodies.  Compositional  features  of 
indicator  minerals  also  serve  as  a  reliable  base  to  correlate  the  sampling  haloes  and  primary  sources. 
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PRECISE  Rb  -  Sr  AGES  OF  SIBERIAN  KIMBERLITES 


Kumar  1,  Anil,  Gopalan^K.,  Padmakumari^,  V.M.,  Kornilova  V.P. ,  Oleinikov^,  O.B.  and 
Safronov^,  A.F. 

1 .  National  Geophysical  Research  Institute,  Hyderabad  500  007 

2.  Institute  of  Geology,  Yakut  Science  Centre,  Yakutsk,  Russia. 

Yakutian  Kimberlite  Province  (YKP)  in  the  northeastern  part  of  the  Siberian  Platform 
contains  several  hundred  kimberlite  bodies  (pipes,  dykes  and  plugs)  grouped  into  21  kimberlite 
fields  .  Available  Rb-Sr  ages  of  these  bodies  (Brakhfogel,  1984)  cluster  around  360-340,  230-210 
and  150-130  Ma.  However,  ages  within  a  single  field  differ  widely  and  no  kimberlite  magmatism 
temporally  coincident  or  slightly  prior  to  the  Siberian  basaltic  volcanism  dated  precisely  at  248  +  2 
Ma  (Renne  and  Basu,  1993)  has  yet  been  found.  In  view  of  recent  suggestions  (Haggerty,  1994) 
about  correlation  between  kimberlite  activity  and  thermal  plumes  from  the  core-mantle  boundary, 
we  report  here  precise  Rb-Sr  ages  of  sever  kimberlite  bodies  from  the  YKP  based  on  the  recently 
reported  technigue  of  analysing  acid-leached  phlogopites  separated  from  kimberlites  (Brown  et  al. 
1989). 

Three  kimberlite  bodies  occurring  within  the  same  West  Ukukit  field  give  identical  ages  of 
409+8  Ma,  407+8  Ma  and  409+15  Ma  indicating  that  at  least  in  this  field  kimberlite 
emplacements  were  sharly  contemporaneous.  However,  the  initial  Sr  ratio  (Sr  [)  at  0.7085+1  and 
0.7054+2  are  distinctly  different.  One  pipe  each  from  the  two  southern  the  Malo-Botuobia  and 
the  Alakit  fields  give  327+7  Ma  (SrpO. 7088+1)  and  371+7  Ma  (Sq=  0.7033+3)  respectively. 

Only  one  pipe  analysed  from  the  western  most  the  Kharamay  field  gives  an  age  245  +6  Ma 
coincident  with  the  age  of  Siberian  basaltic  eruption  at  248+2  Ma  (Renne  and  Basu  ,  1993).  The 
age  of  a  single  sample  from  the  Beriginda  field  northwest  of  the  West  Ukukit  field  is  the  youngest 
at  149+17  Ma. 

So  the  new  and  precise  results  clearly  indicate  four  epochs  of  kimberlite  activity  in  the  YKP 
centred  at  400+20  Ma,  360+20  Ma  and  250+10  and  150+10  Ma,  which  fall  within  two  long 
periods  of  reverse  geomagnetic  polarity  (superchrons)  and  one  short  period  of  normal  polarity 
(subchron)  (Haggerty,  1994).  The  existence  of  kimberlite  intrusive  pulses  older  than  400  Ma  and 
in  between  the  above  periods  remains  to  be  verified. 

1.  Brakhfogel,  F.F.  (1984).  Izd.  Yaf  80  AN  SSSR,  128 

2.  Brown, R.W.,Allsopp,L.H., Bristow, J.W.and  Smith,C.B.,(1989). 

Chem.  Geol.  ( Isot.  Geosci  Sect.),  79,  125-136. 

3.  Haggerty,  S.E.,  (1994).  Earth  Planet.  Sci.  Lett.  122,  57-69. 

4.  Renne,  P  R.  and  Basu,  A.R.  (1991),  Science,  253,  176-179. 
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GEOCHEMISTRY  AND  EVOLUTION  OF  THE  ULTRA  BASIC  BLUE  HILLS 
INTRUSIVE  COMPLEX  (NAMIBIA) 

KURSZLAUKIS,  S.1,  FRANZ,  L.2,  BREY,  G.3  &  SMITH,  C.B.4 

1:  Institut  fiir  Geologie,  Pleicherwall  1,  97070  Wiirzburg,  Germany 

2:  Geoforschungszentrum  Potsdam,  Telegrafenberg  A 17,  14473  Potsdam,  Germany 

3:  Institut  fur  Geochemie,  J.-W.  Goethe  Universitat,  Senckenberganlage  28,  60054  Frankfurt,  Germany 

4:  Bernard  Price  Institute  of  Geophysical  Research,  University  of  the  Witwatersrand,  Private  Bag  3, 
Johannesburg,  South  Africa 

The  Blue  Hills  Intrusive  Complex  (Janse,  1971;  Spriggs,  1988;  Kurszlaukis,  1994; 
Kurszlaukis  et  al.,  in  prep.)  is  part  of  the  Gibeon  Kimberlite  Province  in  southern  Namibia 
and  is  located  about  5  km  south  of  the  Gross  Brukkaros  Mountain.  Gross  Brukkaros  is 
surrounded  by  a  number  of  magnesio-  and  silicocarbonatitic  dykes  and  vents  (Janse,  1969; 
Kurszlaukis,  1994),  and  the  Blue  Hills  are  located  within  the  range  of  these  volcanic  rocks. 

The  Blue  Hills  form  an  ovally  elongated,  laccolithic  body  with  a  maximum  length  of  800  m 
and  a  thickness  of  about  50  m  within  contact  metamorphosed  shales  and  quartzites  of  the 
Precambrian  to  Cambrian  Nama  Group.  Judging  from  the  surrounding  geology,  the  maximum 
intrusion  depth  of  the  laccolith  did  not  exceed  400  m. 

Six  different  types  of  magmatic  rocks  were  distinguished  from  their  mineralogical  and 
chemical  composition.  Four  of  these  six  types  are  highly  undersaturated  silicate  rocks  forming 
a  fractionation  trend  towards  increasing  carbonate  contents.  A  late  carbonatite,  probably 
derived  by  liquid  immiscibility,  and  a  pegmatite  -  both  with  very  low  REE  patterns  -  are  the 
vaining  expressions  of  the  Blue  Hills  magmatism. 

Our  age  determinations  yield  an  age  of  75.1  +/-  0.5  Ma  (isochrone)  (Kurszlaukis  1994, 
Kurszlaukis  &  Smith,  in  prep.)  for  the  pegmatite.  This  is  consistent  with  the  results  of  Spriggs 
(1988)  on  the  monticellite  picrite. 

The  magmatic  rocks  may  be  characterised  as  follows:  The  base  of  the  Blue  Hills  is  formed  by 
a  layer  of  monticellite-picrite  (MP)  with  a  thickness  of  20  m.  This  rock  consists  of  olivine 
phenocrysts  in  a  matrix  of  mostly  monticellite  and  subordinate  phlogopite,  carbonate, 
magnetite,  and  perovskite.  The  MP  is  overlain  by  an  up  to  45  m  thick,  strongly  altered  mica" 
olivine-carbonatite  (MOC).  Compared  to  MP  carbonate  and  phlogopite  are  increased  while 
monticellite  is  absent.  In  the  upper  portions  pillow-like  structures  of  MP  within  MOC  can  be 
observed.  In  the  southern  part  of  the  Blue  Hills,  a  discrete  body  of  phlogopite-carbonate- 
picrite  (PCP)  is  located  within  the  MOC.  It  consists  of  olivine  and  phlogopite  phenocrysts  in  a 
groundmass  of  carbonate,  perovskite,  and  magnetite.  In  addition  to  these  main  intrusive 
bodies,  several  phlogopife-carbonate-sills  (PCS)  occur. 

Carbonatite  sills  and  dykes  (C)  also  occur,  the  latter  cutting  through  all  other  magmatic 
bodies.  The  carbonatites  mainly  consist  of  carbonate  and  to  a  lesser  amount  of  phlogopite  and 
apatite.  Most  remarkable  is  the  presence  of  a  small  carbonate-phlogopite-apatite-pegmatite 
(P),  which  forms  veins  with  thicknesses  up  to  25  cm  in  the  host  rock. 

Although  different  in  their  modal  mineral  content,  the  MP,  MOC,  PCP  and  PCS  are 
remarkably  similar  in  their  trace  element  abundances.  Their  main  differences  mostly  lie  in 
their  variable  contents  of  the  volatiles  H20  and  C02.  MgO/CaO  ratios  are  1-1.3  (Fig.  1)  which 
indicates  melting  in  the  dolomite  stability  field  at  a  depth  of  80-100  km  (Brey,  1978). 

Spinel-olivine  geothermometry  points  to  temperatures  of  1100-1250°C  for  the  parental  PCP. 
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Fig.  1  (left):  MgO/CaO  vs.  Si02.  The  MgO/CaO  ratio  ranging  between  1  and  1.3  for  the  Blue  Hills  silicate 
rocks  indicates  melting  in  the  dolomite  stability  field. 

Fig.  2  (right):  Ni  vs.  Cr.  The  relatively  low  amounts  of  highly  compatible  elements  in  the  MOC  and  PCS 
compared  to  the  MP  and  PCP  distinctly  point  to  differentiation  processes. 

Ni  shows  a  positive  correlation  with  Cr  (Fig.  2)  indicating  fractionation  of  olivine  and  spinel. 
MP  and  PCP  appear  to  be  the  most  primitive  compositions.  The  gap  between  the  silicate  and 
the  carbonate  rocks  may  indicate  liquid  immiscibility. 

This  assumption  is  supported  by  Fig.  3,  where  the  compositions  plot  on  either  side  of  the 
liquid  immiscibility  gap  as  determined,  by  Kjarsgaard  &  Hamilton  (1989)  at  pressures  >  5  kb. 
In  the  contrary  a  continuous  trend  from  silicate-rich  to  carbonate-rich  melts  is  found  in  the 
adjacent  Gross  Brukkaros  volcanics. 

Sample  BH-35,  a  "Monticellite  Picrite"  (MP)  shows  a  REE  pattern  similar  to  kimberlites  and 
olivine  melilitites  consistant  with  a  low  degree  of  partial  melting.  Abundant  perovskite  in  the 
groundmass  of  this  rock  is  the  most  important  host  mineral  for  REE. 

Usually  carbonatites  contain  the  highest  amounts  of  REE  and  also  the  highest  (La/Lu)cn 
ratios.  Samples  BH-54  and  BH-58b  are  derived  from  two  different  carbonatite  sills,  however, 
have  a  relatively  flat  REE  pattern  with  much  lower  LREE  and  higher  HREE  compared  to  MP. 


vAOne  Liquid  (carbonate) 


One  Liquid  (silicate)  m  — - 
L - w  w 

Si02+Al203 


Blue  Hills  rocks/Chondrites 

X  Pegmatite 
A  Carbonatite  (BH-54) 

A  Carbonatite  (BH-58b) 

□  MonticeSIte-PIcrtte  (BH-35gk) 


CaO 


LaCePrNd  8m  Eu  Gd  Tb  Dy  Ho  TmYbLu 

Fig.  3  (left):  Major  oxide  liquid  immiscibiliy  diagram  for 
1250°C  (Kjarsgaard  &  Hamilton,  1989).  The  solid  lines  mark 
the  silicate  and  carbonate  limbs  at  2  and  5  kb  pressure.  Note 
the  distinct  miscibility  gap  between  the  silicate  and  the 
carbonate  rocks. 


Fig.  4  (right):  The  Blue  Hills  magmatites  normalized  to  chondritic  composition. 
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The  strong  depletion  of  LREEs  is  the  result  of  perovskite  fractionation,  the  main  host  mineral 
for  LREEs  (Jones  &  Wyllie,  1984). 

The  Blue  Hills  late  stage  pegmatite  surprisingly  shows  the  lowest  overall  REE  pattern. 
Abundance  levels  are  about  10  times  of  chondritic  values  (Nakamura,  1974)  and  thus  are  much 
lower  than  that  of  the  carbonatites.  The  pegmatite  consists  of  apatite  (42  %),  phlogopite  (34 
%),  carbonate  (21  %),  and  magnetite.  These  main  constituents  could  serve  as  hosts  for  La  and 
Ce.  The  bulge  of  the  REE  pattern  at  the  MREEs  (Gd  and  Tb)  strongly  resembles  to  the  REE 
pattern  occurring  in  apatite.  This  is  according  to  the  high  amount  of  F"  (5.7  wt.%)  in  the 
apatites,  which  is  a  preferred  complexing  ion  for  REEs. 
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NEW  GENETIC  TYPE  OF  DIAMOND  DEPOSITS:  GEOLOGICAL  PECULIARITIES  AND 
ORIGIN 


L.D.Lavrova,  LD.,  Petchnikov,  V.A.,  Petrova,  M.A.,  Ekimova,  T.E.  and  Nadezhdina  E.D 

Central  Research  Institute  of  Geological  Prospecting  for  Base  and  Precious  Metals, 
Varshavskoe  sh.  129  "b",  Moscow  113545,  Russia 

Kumdykolskoye  diamond  deposit  of  the  new  genetic  type  was  found  in  1980  by 
geologists  of  the  Kokchetav  expedition  in  the  Kokchetav  crystalline  massif  of  North 
Kazakhstan.  It  contains  the  great  amount  of  diamonds  and  enormous  explored  reserves. 
It's  descovery  means  that  it  was  found  the  third  type  of  nature  diamond  deposits 
because  only  kimberlitic  and  impactitic  types  were  known  before  it. 

Three  groups  of  geologists  have  different  viewpoints  on  genesis  of  new  diamond 
type.  Group  one  advocates  the  mantle  origin  of  diamonds.  A  second  idea  is  that  the 
diamonds  were  formed  in  the  Earth  crust  under  the  ultrahigh  pressure  of  regional 
metamorphism.  A  third  (our)  theory,  that  is  based  on  geological  data  (structure  of  the 
deposit,  petrology  of  the  diamond -bearing  rocks  and  composition  of  rock-forming 
minerals,  also  the  diamond  peculiarities)  is  that  diamonds  were  cristallized  "in  situ" 
under  moderate  P-T  conditions. 

I, The  Kumdykolskoye  deposit  has  following  peculiarities: 

1.  Diamonds  are  lokalizated  in  the  primordial  stratificied  formation  of  garnet-biotite 
gneisses,  schists  and  calciphyres  with  lenses  of  eclogites  and  amphibolites.  Main  part  of 
ores  (93.3%)  are  composed  by  gneissis  and  quartz  rocks  with  high  Si02  (from  60  to  75%); 
garnet-pyroxene  ore,  including  altered  eclogites  occupies  4%  and  carbonate  ore  -  2.7% 
of  ores  volume.  The  occurrences  of  diamonds  within  stratified  rocks  of  mainly  acid 
composition  and  theirs  absence  within  nonalterated  eclogites  and  rare  ultramaphites 
don't  confirm  the  diamond  origination  in  Earth's  mantle. 

2.  The  deposit  is  connected  with  tectonic  zone,  the  rocks  of  which  had  been 
milonitizated,  broken  down  and  transformated  as  a  result  of  metamorphic  processes. 
Rock-forming  minerals  (mainly  garnet  and  piroxene)  are  characterized  by  wide  range  of 
their  compositions.  The  garnets  are  represented  by  pyrope-grossular-almandines, 
pyrope-grossulares,  grossu lares  and  grossular-almandines,  piroxenes  -  by  diopsides  and 

salites.  It  was  traced  the  changing  of  chemical  compositions 
from  nondiamond-bearing  rocks  to  ore.  As  a  rule,  gneissis  were 
enriched  by  Ca.  In  this  process,  new  Ca-bearing  minerals  are 
formed,  but  garnets  and  pyroxenes  within  gneissis  enriched  by 
Ca  too.  The  same  process  took  place  in  eclogites,  which  were 
transformed  to  garnet-pyroxene  ore.  Garnets  composition 
changed  from  pyrope-almandine  to  almandine-grossulare  (Fig.l). 
The  extraction  of  gas  fase  from  the  rocks  of  deposit  revealed 
enrichment  by  C02,  CH4  and  others  gydrocarbons. 

Fig.l.  The  change  of  garnets  from  eclogites  to  diamondiferous  garnet-  pyroxene  rocks. 
Garnets:  1  -  from  eclogites,  2  -  from  garnet-pyroxene  rocks. 


Co. 
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3.  In  difference  of  kimberlites,  the  mineral-satellites  of  diamonds  are  absent  in  the  new 
type  of  deposits..  Diamonds  are  within  rock-forming  minerals  -  garnet,  pyroxene, 
amphibole,  micas,  quartz  and  many  others.  The  compositions  of  minerals  containing 
diamond  inclusions  and  of  minerals  from  the  ore-free  rocks  haven't  essential  distinctions. 
For  example,  the  garnets  from  diamondiferous  rocks  with  diamond  inclusions  and  the 
same  minerals  from  diamond -free  rocks  aren't  differed  by  chemical  composition.  But 
there  are  variations  within  groups  of  rocks  (Table  1). 


1 

2 

3 

4 

5 

6 

Si02 

38.32 

40.32 

38.03 

38.83 

39.25 

38.02 

Ti02 

0.17 

0.22 

0.05 

0.14 

0.00 

0.00 

ai2o3 

20.88 

22.21 

21.39 

21.71 

21.21 

20.94 

Cr203 

0.02 

0.04 

0.00 

0.00 

0.52 

0.01 

FeO 

25.99 

13.68 

26.33 

17.67 

20.98 

22.14 

MnO 

2.55 

1.07 

2.01 

0.69 

1.47 

2.47 

CaO 

7.14 

15.33 

4.25 

12.06 

4.36 

10.54 

MgO 

5.02 

7.70 

6.91 

7.04 

9.75 

3.95 

Total 

100.09 

100.57 

98.97 

98.14 

97.60 

98.62 

Table  1.  Compositions  of  garnets  from  gneissis:  1,2-with  diamond  inclusions,  3,4-from 
nondiamondiferous  rocks  within  ore  zone,  5,6-the  same,  outside  ore  zone. 

4.  The  diamonds  of  metamorphic  type  are  typomorphic.  The  differences  have  shown  in 
the  table  2. 


Kimberlitic  type 

Impactitic  type 

Metamorphic  type 

Size 

0.1mm- 1000mm 

0.2-5.0mm(average-0.5- 

2.0mm) 

0.00 1  - 1 .3mm  (average 
0.02-0.05mm) 

Colour 

Glass,  colourless, 
rare  colours 

Grey-black,  yellow 

Yellowish -green 

Habit 

Octahedral,  rare 
cubes, 

dodecahedrons 
et  al. 

Polycrystals  of  table 
form 

Cubes,  imperfect 
(rozette  like, 
spheroidal,  table) 
crystals  with  zoned - 
sectoral  structure 

Isotopic 

composition 

a)  diamond 

b)  graphite 

-1--11%» 
the  same 

-12.0-  -17.0%o 
the  same 

-11.6  -  -17.0%o 
-16.0  -  -22.4%o 

Mechanism  of 
crystallization 

Face  (grane) 

Just  transition  graphite- 
diamond 

Nonface  fibrous 

Table  2.  The  properties  of  diamonds  from  different  genetic  types 
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5.  The  diamonds  of  different  ores  are  different  (Table  3.) 


Ore  type 

Typomorphic  diamonds 

Garnet-biotite-quartz-feldspatite  rocks 
over  gneissis 

Yellowish-green  cubic  crystals,  often 
skeletal  ones,  20-50jim  -  average  size 

Biotite-quartz  rocks 

Yellowish-green  and  colourless 
octahedron  the  same  size 

Pyroxene-flogopite-carbonate  rocks 

Yellow,  grey,  white  imperfect  (rozette- 
like, spheroidal)  crystals,  l-10pm  size 

Garnet-pyroxene  rocks  and  eclogites 

Grey  cubic  crystals,  100- iOOOum  size 

Table  3. 


6.  Diamonds  from  different  types  of  rocks  differ  by  isotopic  composition:  diamonds 
from  pyroxene-flogopite-carbonaceous  rocks  contain  more  then  those  from 
apogneissis  rocks. 

II.  There  are  a  few  nonindustrial  diamond  manifestations  in  the  Kokchetav  massif 
besides  the  deposit.  Some  of  them  are  localizated  in  altered  rocks  as  a  deposit  and  are 
represented  by  the  bodies  within  tectonic  zones,  the  others  -  by  very  small  ones  of  a 
garnet-pyroxene  skarns,  confinded  to  the  margin  of  granitic  massif  near  the  deep  fault 
zone.  The  reliability  of  these  findes  is  confirmed  by  diamond  presence  in  thin  sections. 
Two  findes  of  diamond  have  taken  place  within  recrystallizated  eclogites,  but  this  were 
not  confirmed  by  thin  sections.  Common  feature  of  these  occurences  is  localization  in 
alterated  rocks  near  the  deep  fault  zone. 

III.  Not  so  far  ago,  Barchy  ore  area  was  found  in  the  distance  15  km  from  the 
Kumdykolskoye  deposit.  Its  geological  position  is  like  the  deposit.  A  lot  of  ore  zones 
were  found  in  this  new  area.  There  are  some  difference  between  Barchy  area  and  the 
deposit.  Diamondiferous  rocks  of  Barchy  area  often  are  more  compound.  As  a  rale, 
gneissis  contain  the  disten  and  tourmaline  and  thier  garnets  are  more  ferriferous,  than 
in  the  deposit.  The  most  of  diamonds  have  perfect  and  transparent  forms;  atelene 
sceleton  forms  are  occured  rarely. 

IV.  The  geological  data  on  the  deposit  and  nonindustrial  manifestations  give  the 
evidence  of  the  diamond  crystallization  from  gas  fase  in  tectonic  zones  under  moderate 
P-T  conditions.  Principal  possibility  of  such  process  is  confirmed  by  theoretical  (Rudenko 
et  al.,  1993)  and  experimental  (Fedoseev  and  Derjaguin,  1983)  investigations. 

Rudenko,  A.P.,  Kulakova,  I.I.,  Skvortsova,  V.L.  (1993)  Chemical  Diamond  Sinthesis. 

Aspects  of  General  Theory.  Uspehi  Chimii,  62-2,  99-117  (in  Russian). 

Fedoseev,  D.V  and  Derjaguin,  B.V.  (1983)  Origin  and  growth  of  diamond  at  the  high  and 

low  pressures.  In  Super-hard  materials,  p.16-22.  Kiev,  (in  Russian). 
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THE  INFLUENCE  OF  THE  DEEP  STRUCTURE  OF  THE,  GLENNIE  DOMAIN  ON  THE 
DIAMONDS  IN  SASKATCHEWAN  KIMBERLITES 


Leahy1,  K.  and  Taylor2,  W.R. 

1.  Department  of  Earth  Sciences,  University  of  Leeds,  Leeds,  LS2  9JT,  UK. 

2.  Research  School  of  Earth  Sciences,  The  Australian  National  University,  GPO  Box  4, 
Canberra  A.C.T.,  2601,  Australia. 

Diamondiferous  kimberlites  are  typically  located  in  stable,  cratonic  (Archean)  regions 
of  the  earth  (Clifford’s  Rule).  This  is  reflected  in  the  Nitrogen-aggregation  characteristics  of 
the  diamonds1.  Recently  discovered  kimberlites  at  Fort  a  la  Come  (FALC)3'5,  near  Prince 
Albert,  Saskatchewan,  and  Sloan6,  in  northern  Colorado  (see  Fig.  1),  show  some  Proterozoic  N- 
aggregation  characteristics.  These  features  are  attributed  to  a  Proterozoic  continent-continent 
collision,  leading  to  crustal  and  lithospheric  thickening,  and  a  subsequent  period  of  diamond 
growth.  Heavy  minerals  have  been  separated  from  320kg  of  FALC  kimberlites  (as  part  of  the 
Operation  Fish  Scale2  investigating  core  from  FALC),  including  garnets,  micro  and 
macrodiamonds.  All  the  diamonds  (30)  have  been  analysed  for  their  N-aggregation  state,  plus 
three  for  carbon  isotope  values  (D.  Mattey  in  ref2).  Garnets  (105  grains)  have  been 
commercially  analysed  with  proton-probe  Ni-thermobarometry  (W.L.  Griffin  in  ref2). 

Evidence  from  seismic  reflection  east-west  profiling  (LITHOPROBE  at  55°N  and 
COCORP  at  49°N)  confirms  that  the  Trans-Hudson  orogen  (THO)  is  a  broadly  anticlinal 
structure7'9.  The  central  region,  called  the  Glennie  Domain  (GD),  comprises  tectonically 
emplaced  (aged  1.83-1.79  Ga)  arc  volcanics  and  arc  sediments  bordered  by  foreland  shelf 
sediments  associated  with  the  Heame/Wyoming  craton  in  the  west  and  Superior  craton  to  the 
east.  The  entire  THO  is  tectonised  by  transpressional  structures,  including  thrusts  and  strike- 
slip  faults,  some  of  which  extend  into  the  lower  crust.  Broad  tectonic  structures  indicate  a 
collision  of  the  GD  from  the  NW  to  SE  (in  current  orientations)8.  In  an  analogous  situation 
further  south,  in  northern  Colorado,  the  THO  wraps  around  the  south-western  borders  of  the 
Wyoming  craton.  Final  subduction  polarity  of  the  GD  is  postulated  to  have  been  north¬ 
westwards,  under  the  Heame/Wyoming  craton.  However,  the  deep  structure  of  the  GD  consists 
of  two  lower  crustal  wedges,  under  both  the  eastern  (Superior)  and  north-western  boundaries 
(Heame/Wyoming);  i.e.  GD  underlies  both  cratons.  In  Saskatchewan  the  anticlinal  core  of  the 
GD  is  composed  of  Archean  mylonitic  and  gneissic  rocks,  with  scattered  windows  outcropping 
at  surface  along  minor  anticlinorial  and  thrust  axes  in  the  north  (around  57°).  The  arch  crest  in 
the  COCORP  profile  (49°N)  is  at  20km  depth,  and  may  be  related,  if  not  directly  connected,  to 
the  anticlinal  core  in  central  Saskatchewan.  The  GD  imaged  by  LITHOPROBE  includes  a 
48km  crustal  root,  a  significant  Moho  topography  of  about  12km  over  60km  (^-wavelength). 
This  root  is  situated  in  the  western  half  of  the  GD,  and  corresponds  to  the  postulated  crust- 
thick  thrust  system  (GD  down  to  the  west)  that  is  the  boundary  between  the  GD  and  craton  to 
the  west.  When  correlated  to  the  current  topography  the  root  zone  occurs  below  Prince  Albert. 
Work  in  progress  suggests  that  the  root  zone  may  not  be  present  in  a  linear  fashion  along  the 
entire  north-south  strike  of  the  THO  western  boundary11. 

The  FALC  kimberlite  cluster  is  composed  of  over  seventy  Cretaceous  volcanic 
centres3,5,  located  on  the  eastern  slope  of  the  root  zone.  Other  kimberlites  in  the  THO  are 
further  to  the  north  and  east,  away  from  this  deep  root  structure.  The  Sloan  kimberlites  are 
located  in  a  similar  tectonic  setting;  a  Proterozoic  orogenic  belt,  near  to  an  Archean  block. 
Kimberlites  occurring  here,  including  the  Sloan  1  and  2  diatremes6,  contain  Proterozoic  high 
temperature  eclogitic  diamonds  -  ‘Sloan’-types10. 
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Garnets  from  the  FALC  kimberlites  indicate  a  Tmax  1250°C  for  the  Iherzolitic  and 
harzburgitic  garnets.  Cr205  in  these  garnets  indicates  a  source  at  approximately  180km  depth 
for  the  deepest  xenoliths  that  the  kimberlites  sample.  N-aggregation  analysis  of  FALC 
diamonds  produced  six  populations,  suggesting  a  complex  growth  history.  These  populations 
include  peridotitic  diamonds  of  Archean  age,  eclogitic  diamonds  of  undetermined  age  and  a 
Sloan-type  diamond  of  Proterozoic  age.  Carbon  isotope  analysis  indicated  two  diamonds  of 
eclogitic  origin  (5I3C-1 1.8,  -12.1°/ooPDB),  and  one  probably  peridotitic  (513C-57ooPDB)12 

The  pre-collisional  Glennie  Domain  had  a  width  of  at  least  400km  (determined  from 
the  extent  of  Archean  wedges  imaged  by  LITHOPROBE),  and  probably  existed  as  an  Archean 
microcontinent7.  This  has  a  lithosphere  of  at  least  150km  as  evidenced  by  the  populations  of 
diamonds  of  Archean  age,  determined  by  their  N-aggregation  characteristics..  An  alternative  to 
this  model  is  that  the  GD  did  not  have  a  well  developed  lithosphere,  and  inherited  the  Archean- 
type  lithosphere  and  diamonds  from  the  Superior  craton  to  the  east  during  Proterozoic  docking 
or  continental  collision.  However,  this  seems  unlikely  given  the  static  nature  (a  defining 
characteristic)  of  cratonic  lithosphere.  The  presence  of  the  Sloan-type  diamond  is  consistent 
with  diamond  growth  in  the  Proterozoic.  Great  crustal  thickening  occurred  during  the 
Proterozoic  continent-continent  collision,  the  crust  having  had  about  10km  removed  by  erosion 
since  the  orogeny7.  This  would  have  produced  a  crust  at  least  55km  thick  immediately  after 
collision,  an  increase  of  about  20km  over  the  regional  average.  A  crustal  thickening  event  on 
the  scale  of  continent-continent  collision  should  also  thicken  any  underlying  lithosphere.  Simple 
Airy-type  isostatic  modelling  verifies  this  concept.  The  lithosphere  will  downwarp  by  about 
30km,  depressing  more  of  the  mantle  below  the  graphite-diamond  isograd  (at  approximately 
150km)  -  leading  to  a  period  of  (Sloan-type)  diamond  growth  (see  Fig.3).  This  model  assumes 
a  stability  of  the  lithosphere,  allowing  a  small  increase  in  thickness  (of  about  10-20%)  without 
significant  melting  or  catastrophic  delamination.  In  support  of  this,  there  is  no  evidence  for 
widespread  alkaline  magmatism  in  the  post-collisional  THO,  until  the  Cretaceous  kimberlite 
emplacement,  some  1.6Ga  later.  This  indicates  no  major  lithospheric  melting  occurred 
associated  with  the  Proterozoic  thickening  event  and  subsequent  period  of  diamond  growth. 
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FIGURE  1  -  CRATONIC  LOCATION  MAP 


Diagram  showing  the  cratonic  provinces  of  the 
central  North  American  Plate.  Superior,  Rae.Hearne 
and  Wyoming  (stippled)  are  all  Archean  cratonic  blocks 
(aged  between  3.0  and  2.5Gyr.)The  Trans  Hudsonian 
is  a  Proterozoic  mobile  belt  (aged  about  1 .9-1 .8Gyr.) 
underlain  by  an  Archean  microcontinent  (dotted  lines). 
Thick  dashed  line  represents  the  edge  of  the  Cordillera 
FALC  and  CK  are  kimberlite  clusters  in  the  mobile 
belts;  Fort  a  la  Come  (near  Prince  Albert,  Sask.)  and 
the  Colorado  Kimberlites  (on  the  Colorado-Wyoming 
state  line).  Seismic  reflection  profiles  shown  with  thick 
lines.  Scale  approximately  1cm  =  500km. 


FIGURE  2  -  COMPARISON  OF  ARCHEAN  AND  SLOAN  TYPE  DIAMOND  SPECTRA 
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FIGURE  3  -  LITHOSPHERIC  SECTION  OF  THO  -  MECHANISM  FOR  SECOND  GROWTH  PERIOD 
OF  DIAMONDS. 
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N.B.  Crustal  section  adapted  from  seismic  interpretation  in  Lewry  etal  1994.  (Ref  1.) 
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THE  MERLIN  KIMBERLITES,  NORTHERN  TERRITORY,  AUSTRALIA 
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(2)  Department  Geological  Sciences,  University  College,  Gower  Street,  London,  U.K. 

(3)  2555  Edgemont  Boulevard,  North  Vancouver,  B.  C.  V7R  2M9,  Canada 


The  Merlin  kimberlites  are  located  in  the  Batten  region  of  the  Northern  Territory  of  Australia,  800  km 
south  east  of  Darwin.  They  were  found  by  intensive  exploration  during  1993  and  1994.  The  kimberlites4 
are  in  a  10  km  by  5  km  oblate  field  on  the  eastern  side  of  the  Batten  Trough.  Four  clusters  of  kimberlites 
with  from  one  to  five  in  each  cluster,  have  been  found  in  the  field.  The  pipes  vary  in  size  up  to  125  m  in 
diameter,  the  diameter  is  constant  to  a  depth  exceeding  100  m.  The  eleven  kimberlites  have  been  named 
Excalibur,  Palomides,  Sacramore,  Launfal,  Ywain,  Gawain,  Tristram,  Gareth,  Kay,  Ector  and  Bedevere. 

Petrography 


The  kimberlites  are  difficult  to  describe  petrographically  as  only  drill  chips  are  available  so  far  and  there 
is  very  extensive  alteration  of  the  rocks.  Drill  chips  (up  to  5  cm)  from  five  of  the  kimberlites  all  contain 
two  generations  of  pseudomorphed  olivine  which  include  anhedral  and  often  rounded  macrocrysts  (up  to 
1 1  mm)  as  well  as  numerous  smaller  ( <  1  mm)  typically  euhedral  phenocrysts.  Altered  mica  phenocrysts 
(up  to  1  mm)  are  present  in  variable  abundances.  The  interstitial  areas  appear  to  be  mainly  poorly 
crystalline.  This  feature,  together  with  the  alteration,  preclude  strict  rock  type  and  mineralogical 
classifications.  Observed  primary  groundmass  minerals  include  mica,  spinel,  apatite,  serpentine  and 
possible  carbonate.  The  nature  of  the  olivines,  matrix  and  complex  textures  are  all  typical  of  kimberlites. 
No  features  were  observed  which  suggest  that  these  rocks  are  not  kimberlites.  In  some  instances  sufficient 
xenolithic  material  was  present  to  show  that  some  rocks  are  breccias.  A  few  samples  have  uniform 
groundmasses  and  appear  to  comprise  hypabyssal  kimberlites.  More  common  examples  of  non-uniform 
textures  are  present  which  range  to  well  developed  pelletal  textures.  Most  of  these  pelletal  structures 
comprise  a  single  olivine  or  mica  grain  which  is  surrounded  by  a  thin  rim  of  very  fine  grained  to  microlitic 
material.  The  pelletal  lapilli  are  set  in  a  matrix  which  is  composed  of  serpentine  but  devoid  of  carbonate. 
These  textures  are  a  hallmark  of  diatreme-facies  kimberlites.  Although  difficult  to  discern,  the  probable 
microlites  appear  to  be  composed  of  mica  rather  than  the  more  typical  clinopyroxene.  If  so,  this  feature 
is  somewhat  unusual.  At  Palomides,  in  addition. to  the  thin  rimmed  pelletal  lapilli  just  described,  possible 
globular  segregations  may  also  be  present.  There  is  no  evidence  to  suggest  that  any  of  the  pelletal  rocks 
are  crater-facies.  Samples  from  some  of  die  occurrences  are  classified  as  follows: 


Bedevere: 

Palomides: 

Launfal: 

Excalibur: 

Gawain: 


Possible  diatreme-facies  kimberlite  (rather  than  hypabyssal). 

Probable  diatreme-facies  pelletal  tuffisitic  kimberlite  (±breccia). 

Hypabyssal  spinel-bearing  mica  kimberlite  and  probable  pelletal  tuffisitic  kimberlite  breccia. 
Probable  hypabyssal  mica-bearing  kimberlite. 

Tuffisitic  pelletal  kimberlite  (± breccia)  and  tuffisitic  kimberlite  breccia. 
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Geochemistry 


Extensive  alteration  of  the  kimberlites  and  contamination  by  xenoliths  has  affected  the  geochemistry  of 
most  samples.  One  analysis  of  carbonated  kimberlite  from  Palomides  has  a  low  ilmenite  index 
(Ilm.I  =0.28)  that  falls  within  the  range  of  relatively  unaltered  kimberlite  (Taylor  et  al.,  1994).  The 
major  trace  element  ratios  of  this  rock  should,  therefore,  provide  a  reasonable  basis  for  comparison  with 
other  kimberlites  so  that  the  geochemical  affinities  of  the  Merlin  kimberlites  can  be  established. 

COMPARISON  OF  KEY  GEOCHEMICAL  RATIOS  FOR  KIMBERLITES 


Merlin 

Aries 

Bow  H. 

Koidu 

Group  I 

Group  II 

O.Lamp 

FeOt/MgO 

0.30 

0.40 

0.36 

0.34 

0.32 

0.30 

0.33 

Ni/MgO 

39.00 

61.00 

48.00 

42.00 

40.00 

49.00 

34.00 

TiOj/I^O 

0.28 

0.48 

0.22 

1.27 

1.70 

0.42 

0.84 

K/Na 

5.00 

3.00 

5.00 

9.00 

2.00 

10.00 

6.00 

P205/Ce 

20.00 

9.00 

13.00 

18.00 

58.00 

33.00 

34.00 

Nb/Zr 

3.700 

4.20 

0.90 

1.70 

1.10 

0.48 

0.20 

Ba/Rb 

17.00 

12.00 

9.00 

24.00 

26.00 

19.00 

20.00 

Nb/La 

1.30 

1.70 

1.30 

1.40 

1.80 

0.70 

0.80 

The  Merlin  rock  is  an  ultrapotassic  composition  (molar  K/Na  >  2)  with  low  TiC^/I^O  ratio  similar  to 
micaceous  kimberlites  and  some  phlogopite  lamprophyres  such  as  that  from  Bow  Hill  (Fielding  and  Jaques, 
1989).  Its  Ni/MgO  and  FeOt/MgO  ratios  are  within  the  range  of  kimberlites  and  olivine  lamproites 
indicating  that  it  is  a  primitive  mantle-derived  composition.  The  P205/Ce  ratio  of  the  Merlin  rock  is  lower 
titan  that  of  South  African  Group  I  or  n  kimberlites  but  similar  to  that  of  the  Koidu  and  Aries  kimberlites. 
A  useful  geochemical  indicator  is  the  Nb/Zr  ratio  because  Nb  and  Zr  are  not  strongly  susceptible  to 
alteration  and  these  elements  tend  to  be  diagnostic  of  a  particular  mantle  source.  For  the  Merlin 
kimberlite,  Nb/Zr  is  very  high  having  a  value  close  to  that  of  the  Aries  kimberlite.  The  high  Nb/Zr  ratio 
of  Merlin  clearly  indicates  this  rock  does  not  have  geochemical  affinities  with  olivine  lamproites  (such  as 
Argyle)  or  Group  II  kimberlites.  Other  ratios  such  as  low  Ba/Rb  and  high  Nb/La  are  also  characteristic 
of  an  Aries  signature.  In  conclusion,  the  Merlin  kimberlite  Palomides  has  geochemical  features  that 
indicate  it  is  allied  with  the  Aries  kimberlite  and  Bow  Hill  lamprophyres  in  the  Kimberley  region  of 
Western  Australia.  The  Merlin  rocks  were  evidently  generated  from  a  geochemicaily  anomalous  deep 
mantle  source  that  underlies  parts  of  the  North  Australian  Craton. 

Diamonds 

The  Merlin  kimberlites  contain  diamonds  and  they  are  being  sampled  to  determine  the  quantity  and  quality 
of  diamonds  present.  Microdiamonds  (+0. 1  mm  to  0.4  mm)  are  abundant  in  the  pipes  and  exceed  five 
per  kilogram  in  some  cases. 

IR  spectra  were  obtained  for  40  microdiamonds  from  the  Ector  pipe.  One  golden  yellow  specimen 
contained  a  small  percentage  of  nitrogen  in  the  lb  form  indicating  it  represents  a  very  young  diamond 
and/or  one  that  formed  under  low  temperature  conditions  ( <  1 ,000 °C).  Three  specimens  were  fragments 
of  large  stones  and  some  of  these  had  an  inhomogenous  aggregation  state  such  EC-02  and  EC-08. 
Fractures  on  three  stones  were  new  and,  therefore,  were  possibly  sustained  during  the  recovery  process 
and  50%  showed  old  octahedral  point  fractures  and  surfaces  which  had  been  etched  or  resorbed  after 
breakage. 
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A  significant  number  (50%)  of  the  specimens  are  composite  stones  (twins  or  aggregates)  indicating 
multiple  nucleation  and  hence  a  relatively  abundant  supply  of  carbon.  Most  of  the  microdiamonds  are 
composed  of  colourless,  sharp-edged  octahedra  and  20%  contained  visible  inclusions. 

Quantitative  analysis  of  the  nitrogen  data  indicates  that  there  are  three  main  time-temperature  populations 
of  microdiamonds: 

(i)  a  cool  and/or  young  population  of  mainly  pure  type  IaA  stones  (nitrogen  aggregation  temperatures  - 
T[NA]  ~  1,025 °C  for  1 .65  Ga  residence  in  the  mantle); 

(ii)  a  moderate  temperature  population  of  type  IaAB  diamonds  (T[NA]  —1,1 00  -  1 ,  150°C  for  a  1 .65  Ga 
residence  time)  with  platelet  intensities  (type-M  behaviour,  see  Mendelssohn  and  Milledge,  1995) 
consistent  with  these  T(NA)  values.  Some  of  these  diamonds  such  as  EC-08  show  strong  zonation;’ 

(iii)  a  population  of  high  temperature  diamonds  (T[NA]  ~  1,200°C  for  a  1.65  Ga  residence  time),  again 
with  platelet  intensities  consistent  with  these  temperatures  (type-L  and  type-K  behaviour).  Type  II, 
i.e.  nitrogen  free,  diamonds  were  not  common  in  the  microdiamonds  studied  (2  out  of  40). 

Further  studies  of  diamonds  from  the  Merlin  kimberlites  are  in  progress. 

Mineralogy 

Chrome  spinels  and  peridotitc  garnets  are  present  in  the  kimberlites.  Megacrysts  are  absent.  Olivine, 
observed  as  pseudomorphs  in  thin  section,  is  not  present  in  the  kimberlite  heavy  mineral  concentrates. 
Small  quantities  of  chrome  diopside  are  found  in  one  of  the  kimberlites  (Kay). 

The  chrome  spinels  occur  in  two  forms,  one  with  very  high  chrome  content  and  the  other  intermediate  to 
low  chrome.  The  garnets  are  predominantly  Iherzolitic  but  a  few  harzburgitic  garnets  are  present.  Mica 
is  present  in  varying  abundance  in  the  kimberlites. 
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THE  DIAMOND  POTENTIAL  OF  THE  LATE  CRETACEOUS  ALTO  PARANAIBA  IGNEOUS 
PROVINCE,  BRAZIL. 
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The  source  problem.  The  identification  of  kimberlitic 
minerals (pyrope,  perovskite,  ilmenite)-  in  the  alluvial  diamond  deposits 
of  the  Alto  Paranaiba  region  of  Minas  Gerais  dates  back  to  the  end  of 
last  century  and  led  to  the  recognition  of  kimberlitic  rocks  in  the 
region  two  decades  afterwards  (Rimann,  1915) .  Such  an  obvious  provenance 
link  was,  however,  to  be  questioned  for  many  decades  to  come,  by  the 
most  influential  Brazilian  petrologist  of  that  time,  who  dismissed  the 
reported  'kimberlites'  as  mere  basic  alkaline  rocks  (Guimaraes,  1930). 
This  long- lasting  controversy  was  reignited  in  the  last  years  with  a  new 
input  of  geochemical  and  mineralogical  data  and  geotectonic 
interpretations.  Supported  on  the  work  of  Bizzi  et  al.(1994),  Helmstaedt 
and  Gurney  (1994)  and  others,  Gonzaga  et  al . (1994)  claim  that  the  region 
does  not  fulfill  the  geotectonic  and  geothermometric  requisites  to  host 
primary  diamond  sources  and  that  the  region's  diamond  must  have  been 
transported  by  glacial  events  from  remote  Precambriam  sources.  Such 
conclusions  are  in  conflict  with  our  recent  geothermobarometric  data 
(Leonardos  et  al.,1995  and  Carvalho  &  Leonardos,  this  conference) 
derived  from  mineralogical  and  geochemical  studies  of  garnet  lherzolite 
xenoliths.  These  xenoliths  were  recovered  from  the  only  available  fresh 
outcrop  of  one (Tres  Ranchos  4)  of  the  few  kimberlites  that  were  reported 
to  contain  diamonds.  They  demontrate  the  existence  of  a  subcratonic 
diamond  mantle  source  under  the  Alto  Paranaiba  region.  Furthermore,  the 
old  problem  of  wether  the  Alto  Paranaiba  magmatism  was  of  a  shallow 
alkaline  kamafugitic  or  of  a  deep  kimberlitic  nature  was  recently 
overcome  through  systematic  geochemical  and  petrological  studies  (Gibson 
et  al.,1995  a) .  In  this  work  we  were  able  to  show  that  the  Late 
Cretaceous (—85  m.a.) impact  of  the  Trindade  mantle  plume  under  the  Alto 
Paranaiba  had  generated  different  melts  at  a  wide  range  of  depths  from 
varying  mantle  source  composition:  a) kamafugites  representing  high 
degree  of  partial  melts  from  shallower  clinopyroxene-rich  sources. 
b)madupitic  olivine  lamproites  representing  melts  derived  from 
phlogopitized  Iherzolithic  to  harzburgitic  sources,  c) kimberlites 
representing  melts  from  a  deeper  fertile  garnet  lherzolite  source 
towards  the  base  of  the  mechanical  boundary  layer. 

Diamond  distribution  and  occurrence.  Alluvial  diamond  is  ubiquitous  in 
the  whole  of  the  Alto  Paranaiba  region  of  Minas  Gerais  and  Goias .  For 
over  two  centuries  the  region  hag  been  famous  for  yielding  large  high- 
quality  gemstones  weighing  up  to  1,680  carats.  The  heterogeneous  size 
distribution,  the  commom  presence  of  red-wine  Cr-pyrope,  picroilmenite 
and  minor  Cr-diopside  among  sattelite  minerals,  the  abundance  of  perfect 
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octaedral  crystals  with  no  sign  of  having  suffering  any  transportation 
are  among  the  characteristics  of  the  Alto  Paranaiba  diamond  province. 
These  same  characteristics  lack  in  the  alluvial  deposits  of  the  Sao 
Francisco  craton  derived  from  Precambrian  sources.  Not  surprisingly,  the 
rivers  where  panning  has  been  more  active  are  those  like  the  Douradinho, 
Santo  Antonio,  Santo  Ignacio,  Bagagem,  Quebra  Anzol  and  the  uppermost 
S. Francisco  which  drain  numerous  garnetiferous  kimberlite  sources.  At 
the  Romaria  mine,  diamond  is  hosted  by  Upper  Cretaceous  polimictic 
conglomerates  with  intercalations  of  ultramafic  tuffs  and  plentiful 
volcanic  fragments  accompanied  by  kimberlitic  heavy  minerals.  These 
conglomerates  have  been  deposited  in  a  small  rift  from  nearby 
sources (Fleischer, this  conference)  while  the  Alto  Paranaiba  volcanism 
was  still  active.  Lack  of  diamictites  fragments  of  the  Ibia  Group 
suggests  that  this  unit  could  hardly  be  responsible  for  the  high  diamond 
concentrations  (up  to  .25  ct/m3)  of  the  Romaria  conglomerates.  Only  a 
primary  source,  like  a  kimberlite,  in  the  immediate  vicinities  of  the 
deposit  could  account  for  such  a  high  diamond  grade 

Diamond  is  indeed  associated  with  the  Alto  Paranaiba  Cretaceous 
magmatism.  It  has  been  reported  in  headwaters  that  have  only  drained 
ultramafic  tuffs  and  associated  pipes,  it  was  formally  documented  as 
ocurring  within  the  Coromandel  tuf f s (Maack, 1968) ,  within  kimberlites  of 
the  Bambui/Campos  Altos  district  (Barbosa, 1991)  and  within  the  Tres 
Ranchos  4  pipe  (Gonzaga  &  Tompkins,  1992) .  Kimberlitic  microdiamond 
finds  have  also  been  reported  by  Canadian  junior  companies  who  have 
recently  started  exploration  campaigns  in  the  region. 

Kimberlites.  The  abundance,  distribution  and  mode  of  occurrence  of  the 
Alto  Paranaiba  kimberlites  are  poorly  understood.  Their  volume  is  only  a 
very  small  fraction  of  the  kamafugitic  rocks  but  they  are  abundant  in 
several  clusters  within  the  region.  The  Tres  Ranchos  4  pipe  is  the  only 
kimberlite  intrusion  who  has  been  assessed  in  terms  of  major  and  minor 
element  chemistry,  mineral  and  isotope  chemistry  and 
geothermobarometry .  It  is  also  the  only  garnet  bearing  (mostly  G-9) 
ultramafic  pipe  which  has  been  quantitatively  assessed  in  terms-  of  its 
diamond  content.  Estimates  of  the  work  done  by  SOPEMI  S.A.  are  in  the 
order  of  .01  to  .1  ct/m3.  This  kimberlite  was  generated  at  depths 
greater  than  200  km  but  it  is  not  an  insulated  occurrence  among  the 
shallower  kamafugitic  intrusions.  It  belongs  to  the  group  of  deeply 
weathered  pipes  with  plentiful  Cr-pyrope,  Mg-ilmenite,  minor  Cr-diopside 
and  abundant  relicts  of  garnet  peridotite  xenoliths,  that  though  common 
in  the  Alto  Paranaiba,  have  been  ommited  in  most  recent  discussions 
about  the  region's  diamond  potential.  These  often  occur  as  epiclastic 
sedimentary  facies  inside  maar  structures  or  as  kimberlitic  breccia  of 
diatreme  facies  which  are  ordinarily  buried  at  the  botton  of  the  crater 
under  a  thick  sediment  cover.  Examples  of  such  garnetiferous  kimberlites 
include  pipes  in  the  Tres  Ranchos - Ouvidor - Davinopol i s  district,  the 
Japecanga,  Pogo  Verde,  Vargem  and  Santa  Clara  pipes  in  the  Coromandel 
district,  the  Boa  Esperanga  and  Cana  Verde  in  the  Bambui  district  and 
the  Casca  D' Anta-Vargem  Bonita  kimberlites  in  the  Serra  da  Canastra.  The 
common  preservation  of  high  level  deeply  weathered  complex  kimberlitic 
structures  in  the  province,  though  enhancing  its  diamond  potential, 
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makes  diamond  exploration  costly  and  difficult.  Lack  of  typical  G-10 
harzburgite  garnets  in  the  kimberlites  does  not  make  the  region  a 
classic  terrain  for  large  high-grade  deposits.  The  diamond  potential  of 
garnet  lherzolite  sources  cannot  be,  however,  underestimated  after  the 
Argyle  example.  Associated  in  time  and  space  with  shallower  kamafugite 
and  carbonatite  and  with  lamproitic  rocks  that  might  be  formed  above  the 
diamond  field, 

the  off-craton  Alto  Paranaiba  kimberlites,  however,  had  their  genesis 
under  a  thick  continental  lithosphere,  compatible  with  a  high  diamond 
potential.  Because  of  their  non-classic  geologic  setting  the  APIP 
kimberlites  may  reveal  important  clues  relative 
to  diamond  mineralization  and  genesis. 
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Introduction.  The  Santa  Clara  kimberlite  lies  at  the  Fazenda  da  Mata,  SW 
Coromandel  on  the  headwaters  of  the  Santa  Clara  creek.  It  is  part  of  the  Upper 
Cretaceous  Alto  Paranaiba  Igneous  Province  which  includes  lavas,  tuffs  and  feeder 
intrusions  of  the  Mata  da  Corda  group,  the  carbonatite  complexes  of  Catalao,  Salitre, 
Serra  Negra  and  Araxa  and  hundreds  of  scattered  intrusions  of  kamafugite,  lamproite 
and  kimberlite  (  Bizzi,  1994;  Gibson  et  al.,1995).  The  Santa  Clara  kimberlite  was 
recognized  at  the  surface  by  the  presence  of  silexite  outcrops  that  limit  its 
southeastern  border,  by  the  presence  of  strongly  weathered  kimberlitic  breccia  in  a 
small  gulley  and  in  the  walls  of  a  water  well  and  by  scattered  vermiculite,  wine-red 
pyrope  and  picroilmenite  crystals  that  are  found  within  the  lateritic  soils  and  termite 
moulds.  There  is  no  surface  indication  as  to  the  presence  of  a  100m  sequence  of  lake 
sediments  underneath  or  any  geomorphological  feature  that  would  indicate  the  maar 
structure. 

Geology  of  the  Maar.  The  Santa  Clara  crater  structure  was  outlined  only  after  the 
drilling  of  two  1 00m  deep  bore-holes,  spaced  1 00m  apart  and  1 00m  from  the  contact 
with  the  host  rocks.  The  structure  is  an  elliptical-shaped  400m  long  x  1 80m  wide  x 
120m  deep  flat-bottom  crater  structure  hosted  by  quartz-carbonate-chlorite  schists  of 
the  Ibia  Group.  The  crater  was  filled  by  a  rhythmic  sucession  of  delicate,  finely 
interlayered  varves  of  black  shales  and  light-colored  phlogopite-bearing  siltstones 
that  characterize  the  seasonal  lake  sedimentation  (Leonardos  et  al„1994).  The  bedding 
varies  from  flat-lying  to  steep-dipping  to  convolute.  Coarse-grained  epiclastic 
kimberlitic  breccias(EKB)  constitute,  about  a  third  of  the  sedimentary  sequence  and 
record  periods  of  depositional  instability.  The  EKB  occur  as  numerous  and  irregular 
centimetric  to  metric  intercalations  within  the  shales  and  siltstones  and  attest  to  the 
presence  of  an  outer  ring  of  pyroclastic  kimberlitic  source  material.  Singenetic 
centimetric  layers  of  massive  pyrite  occur  largely  in  black  shales  and  the  varvitic 
sequence.  These  facies  characterize  periods  of  quiescence  between  volcanic  eruptions 
with  a  very  low  redox  potential  and  low-energy  stagnant  deep  lacustrine 
sedimentation.  A  few  thin  intercalations  of  gypsite-rich  layers  record  dry  periods  after 
shallow  sedimentation. 

Magmatic  tuffsitic  kimberlite  breccia(TKB)  begins  at  60m  below  surface,  as  10m 
thick  levels  interlayered  with  shales  and  EKB.  Except  for  it's  apparently  extrusive 
emplacement,  texturely  the  rock  resembles  a  typical  diatreme  facies.  TKB  is  formed 
by  abundant  angular  well  preserved  country  rocks  xenoliths,  mineral  fragments  and 
xenocryts  of  wine  color  pyrope,  orange  color  eclogitic  garnets,  altered  phlogopite  and 
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ilmenite.  The  olivine  macrocrystals  are  all  serpentinezed.  Local  carbonatization 
occurs  leaving  the  TKB  with  a  pelletal  aspect.  There  are  distinct  kimberlitic  pulses, 
since  the  TKB  besides  being  interlayered  with  crater  sediments  also  crosscuts  the 
sediments.  We  conclude  Therefore  that  the  two  drill  core  intercept  the  margin  of  an 
explosive  structure  that  resembles  an  open  champagne  glass  without  a  typical 
diatreme.  This  suggest  that  the  the  hydrodinamic  conditions  are  more  important  in 
constructing  maar  structures  than  the  magma  type  (Lorenz,  1985). 

Kimberlite  index  minerals.  Garnets,  ilmenites  and  chromites  were  separated  and 
analysed  on  the  Cameca  SX-50  microprobe.  Of  the  400  garnet  xenocryst  population, 
82.1%  were  plotted  as  high  Cr-Ca  G--9  garnets,  characterizing  a  strong  lherzolitic 
trend,  with  Cr203  values  varying  from  about  2  to  1 1  wt%.  The  other  garnet 
populations  comprised  G  10(4.0%),  G-13(0.5%),  G-l(8.8%),  and  G-3(4.6%).This  last 
type  shows  high  Na20  content(>  0,07).  The  ilmenites  show  MgO  and  Cr203  in  the 
range  of  5  to  12  wt%  and  0.2  to  4.1%  respectively.  Most  chromites  have  CT2O3  in  the 
range  of  35  to  60  wt%  with  MgO  between  10  and  15  wt%  that  could  be  assigned  to 
the  lherzolite  trend.  A  small  but  significant  population  has  very  high  Cr203  values  of 
60  to  65  wt%.  Apparently,  only  a  small  portion  of  strongly  depleted  harzburgite  was 
sampled  suggesting  that  the  Cretaceous  lithosphere  in  this  region,  was  formed  mainly 
by  spinel  and  garnet  lherzolites  with  pods  of  eclogite. 

Palinology.  38  drill-core  samples  were  collected  for  pollen  determination  from 
depths  ranging  from  18  to  101m.  The  palinological  associations  throughout  the 
sedimentary  pile  have  shown  little  biodiversity.  The  following  main  palinomorphic 
taxa  were  recognized:  Aucariacites  spp.,  Triporoletes  blanensis,  Hexaporotricolpites 
emelianovi,  Gnetaceaepollenites  jansoni,  Gnetaceaepollenites  spp.,  Classopolis 
classoides,  Cretacaeiporites  polygonalis,  Retitricolporites  belmontensis  and 
Tricolpites  spp.  Undetermined  fungi  and  triletes  spores  are  associated  with  it. 

Leaves  of  dicotiledonia  plants  are  well  preserved  as  macrofossils.  The  widespread 
presence  of  poliplicated  pollen  grains  and  the  nature  of  the  sedimentological  record 
suggest  an  arid  tropical  climate  at  the  time  of  deposition.  Associations  that  contain  the 
above  mentioned  taxa  are  found  in  nearly  all  Upper  Cretaceous  sections  of  all 
Brazilian  marginal  basins  (Regali,  et  al.,1974),  and  give  us  the  necessary  information 
to  infer  with  certainty  a  Conacian  to  an  Early  Campanian  age  (80  to  85  Ma)  for  the 
lacustrine  sedimentation  within  the  Santa  Clara  maar.  These  ages  fit  exceedingly  well 
with  K-Ar  and  Ar-Ar  determinations  of  ~85  Ma  provided  by  Gibson  et  al.(1995).  The 
stratigraphical  and  palinological  record  within  the  several  dozens  of  Upper  Cretaceous 
kimberlite  maars  that  must  be  present  within  the  Alto  Paranaiba  magmatic  province 
may  provide  important  clues  as  to  the  paleoclimatic  and  biodiversity  evolution  of  the 
Upper  Cretaceous  in  continental  South  America. 
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TO  THE  PROBLEM  OF  DIAMOND  GENESIS  IN  THE  KUMDY-KUL  DEPOSIT 

F.A.Letnikov 

Institute  of  the  Earth  Crust,  Irkutsk,  664033,  Russia 

The  deposit  of  finely  dispersed  diamonds  from  the  Kumdy  -  Kul  region,  northern 
Kazakhstant  is  presently  the  only  object  investigated  in  detail.  It  is  represented  by  so-called 
diamonds  of  the  metamorphogenic  type. 

The  deposit  is  localized  in  the  range  of  the  Kokchetavskaya  block  composed  mainly  of 
Proterozoic  metamorphic  rocks  which  are  unconformably  overlain  by  weakly  metamorphosed 
Riphean  sediments.  In  the  range  of  the  Kokchetavskaya  block,  the  earth  crust  thickness  varies 
from  40  to  50  km  as  judged  from  geophysical  data  of  V.N.Lyuberetski  (1988).  In  the  region 
of  the  Kumdy-Kul  deposit,  it  is  about  45  km.  Some  linear  uplifts  and  depressions  are 
produced  on  the  Moho  surface.  The  Kumdy-Kul  deposit  occurs  in  the  axial  part  of  such  linear 
thickening  striking  the  north-east  direction.  The  axial  part  is  highly  saturated  with  mantle 
rocks  in  the  lower  crust  and  at  the  crust-mantle  boundary. 

On  the  present  erosional  shear  this  zone  is  projected  as  the  Chagninskaya  zone  of  the  deep 
fault  with  the  bodies  of  eclogites,  ultrabasic-alkaline  rocks,  carbonatites  and  high- 
carbonaceous  tectonites  confined  to  it.  Investigation  results  of  the  Kokchetavskaya  field  work 
expedition  indicate  that  the  Kumdy-Kul  deposit  is  localized  in  the  zone  of  blastomylonites 
containing  graphite  and  diamond.  The  maximum  thickness  of  the  ore  zone  is  no  more  than 
250  m.  The  zone  of  blastomylonites  is  found  between  two  thick  plates  of  eclogites  which  are 
schistose  to  a  different  degree  and  subjected  to  granitization  and  lower  temperature 
metasomatic  transformations. 

The  geological  structure  of  the  deposit  and  forming  conditions  of  diamond  contained  must 
be  considered  as  a  complex  of  rocks  in  the  fault  which  are  exposed  to  deep-seated  reduced 
high-carbonaceous  fluids. 

The  discussion  of  the  diamond  genesis  in  the  Kumdy-Kul  deposit  is  based  on  the 
experimental  data  on  the  polymorphic  graphite-diamond  transition  which  required  pressures  to 
be  in  the  range  from  35  to  40  Kbar  at  T  =  8001000°C.  The  data  on  the  diamond  synthesis  from 
graphite  are  not  correspondent  to  T  (450-700°  C)  and  P  (5-14  kbar)  for  mineral  paragenesises 
in  diamondcon tabling  rocks.  Moreover,  a  wide  range  of  methods  of  the  diamond  synthesis 
according  to  a  gas  phase,  for  example,  are  presently  available  which  takes  place  at 
significantly  lower  pressures.  Based  on  the  investigation  of  the  deposit,  F.A.Letnikov  (1983) 
proposed  the  metastable  diamond  growth  in  tectonites  in  zones  of  deep  faults.  Based  on  the 
proposal,  the  diamond  structure  was  discussed  and  its  forming  conditions  were  investigated  by 
V.  A.Pechnikov  (1993).  The  idea  of  the  proposal  lies  in  the  following. 

As  early  as  50  es  P. Bridgman  (1958)  established  in  experiments  using  a  piston-cylinder 
apparatus  that  sharp  increase,  in  reaction  rates  and  T,P  decreas  of  phase  transitions  take  place 
in  the  presence  of  shift  and  shear  forces. Inasmuch  as  blastomylonites  are  formed  at 
simultaneously  manifested  shift  and  shear  forces  in  the  whole  rock  volume  the  diamonds  can 
be  produced  here  in  the  existing  reduced  conditions.  The  crystals  grow  not  large  according  to 
the  scheme,  the  rock  is  enriched  by  diamond  dust.  Thus,  the  formation  of  finely  -  dispersed 
diamonds  in  tectonic  zones  requires  a  long-term  effect  of  two  factors  -  the  availability  of  the 
stressed  state  of  tectonite  and  simultaneous  action  of  high-carbonaceous  reduced  deep-seated 
fluids.  In  this  manner  high-carbonaceous  blastomyloniytes  were  produced.  Diamonds  were 
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formed  locally  against  the  background  of  the  total  granitization  of  blastomylonites  with 
graphite  content  from  2  to  4  orders  predominated  the  diamond  content  in  the  rock. 

Considering  the  experiments  of  P. Bridgman  (1958)  and  X.B. Green  (1972)  wherein  coesite 
crystals  were  obtained  in  similar  experiments  with  quartz  sand  at  a  deformation  rate  10-4  sec, 
450-900°  C  and  5-20  kbar,  it  is  believed  that  zones  of  deep  faults  and  particularly  contained  in 
them  blastomylonites  are  characterized  by  a  wide  manifestation  of  processes  of  metastable 
growth  of  high  pressure  phases  at  significantly  lower  T  ant  P  compared  to  static  conditions. 

This  work  was  supported  by  the  Russian  Foundation  for  Fundamental  Researches  under 
grant  93-05-9236. 
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OCCURRENCE  AND  STABILITY  OF  DIAMOND-BEARING  ASSEMBLAGES  IN 
ULTRAHIGH-PRESSURE  METAMORPHIC  ROCKS 

Liou,  J.  G/1),  O  gas  aw  am ,  Yf2)and  Zhang ,  R.  Y.(J) 

(1 )  Dept  of  Geological  &  Enverimental  Sciences,  Stanford  Univ.,  CA  94305,  U.S.A . 

(2)  Institute  of  Earth  Sciences,  Waseda  University,  Tokyo  169-50,  Japan 

Introduction:  Diamond  and  coesite  as  ultrahigh-P  (UHP)  minerals  have  long  been 
recognized  in  kimberlite  pipes  (e.g.,  Mitchell,  1987)  and  meteorite  craters  (e.g.,  Chao  et  al., 
1960).  In  deep  cold  subduction  zone  to  mantle  depths,  supracrustal  rocks  and  associated 
ultramafic/mafic  slices  were  subjected  to  ultrahigh-P  Metamorphism  at  mantle  pressures  greater 
than  ~25  kbar  (~  80-90  km).  The  resultant  mineral  assemblages  depend,  of  course,  on 
compositions  of  the  protoliths.  When  bulk  chemistry  is  appropriate,  UHP  metamorphism  at  such 
depths  produce  coesite,  microdiamond,  and  other  characteristic  minerals  (e.g.,  Chopin  &  Sobolev, 
1995).  Thus  far,  at  least  eight  coesite-bearing  terranes  and  four  diamond-bearing  UHP  regions 
have  been  documented  (for  reviews,  see  Liou  et  al.,  1994;  Coleman  &  Wang,  1995). 

Occurrence:  Occurrence  of  microdiamonds  in  crustal  gneisses  in  Kazakhstan  has  long 
been  reported  in  the  early  1970's  (e.g.,  Rozen  et  al.,  1972;  1973).  However,  its  significance  as 
UHP  origin  was  not  fully  understood  until  microdiamond  inclusions  in  zircons  and  garnets  of  the 
Kokchetav  massif  were  documented  by  Sobolev  and  Shatsky  (1990).  Subsequently, 
microdiamonds  were  reported  as  inclusions  in  garnets  from  eclogite,  gamet-pyroxenite  and  jadeitiie 
in  the  Dabie  Mountains  of  central  China  by  Xu  et  al.  (1992),  in  residues  separated  from  Western 
Gneiss  Region  gneisses  of  Norway  (Dobrzhinetskaya  et  al.  1993),  and  in  garnet  clinopyroxenite 
from  the  Beni  Bousera  massif  (Pearson  et  al.  1989,  1993). 

The  Kokchetav  diamond-bearing  carbonates  contain  abundant  dolomite  (>70  vol%), 
garnet,  diopside,  and  minor  phlogopite;  inclusions  of  diamond,  dolomite  ±  graphite,  biotite  and 
clinopyroxene  occur  in  garnet.  Magnesite  has  also  been  reported;  no  coesite  or  coesite 
pseudomorph  was  found  in  the  UHP  marbles.  Hence,  diamond  +  diopside  +  dolomite  + 
magnesite  +■  garnet  assemblage  must  have  formed  at  P  >  40  kbar  and  T  >900-1000°C.  The 
associated  diamondiferous  biotite  garnet  gneisses,  on  the  other  hand,  contain  coesite  pseudomorph 
in  garnet  and  coesite  in  zircon.  Diamond  has  not  been  found  in  metabasaltic  eclogites;  inclusions 
of  coesite  pseudomorph  were  also  identified. 

Graphitized  diamonds  have  been  recently  described  in  two  garnet  clinopyroxenite  layers  > 
2  m  thick  from  the  Beni  Bousera  massif,  north  Morocco  (Pearson  et  al.,  1989,  1993).  Some  of 
these  peridotites  contain  up  to  15%  graphite,  several  of  the  graphite  octahedra  contain  faceted 
inclusions  of  garnet  and  clinopyroxene.  Their  occurrence  constrains  the  depth  of  origin  for 
pyroxenites  to  be  in  the  diamond  stability  field  (>  45  kbar  and  T  of  ~1100°C).  Diamond 
apparently  is  stable  with  enstatite  +  diopside  +  olivine. 

Phase  Relations:  In  order  to  understand  the  paragenetic  relations  of  diamond  and  its 
associated  phases  in  carbonate,  eclogite,  and  ultramafic  rocks,  fo2  -  T  -  P  stabilities  of  diamond, 
coesite,  enstatite,  forsterite,  graphite,  magnesite  and  dolomite  in  the  system  Ca0-Mg0-Si02-C-02“ 
H2O  were  calculated.  This  was  accomplished  using  non-ideal  mixing  of  CO2-H2O  and  the  data  set 
by  Holland  and  Powell  (1990).  Isobaric  fo2  -  T  relations  at  constant  Xco2  =  0-1  were  calculated 
at  P  =  40,  50,  60, 70  and  80  kbar.  At  the  UHP  metamorphic  regimes  with  geothermal  gradient  of 
5-10  °C/km,  diamond  is  restricted  to  P  between  30  to  60  kbar.  Diamond  is' stable  at  wide  fo2 
field  at  lower  P  (e.g.,  40  kbar)  whereas  it  is  restricted  to  very  reduced  condition  at  high  P  (e.g.,  60 
kbar).  An  example  of  our  calculated  phase  relations  for  this  system  at  P  =  50  kbar  and  Xco2  =  0.1 
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is  shown  in  Fig.  1.  Possible  diamond-bearing  assemblages  for  model  mafic,  ultramafic  and 
carbonate  rocks  are  listed  in  the  above  Table. 

It  is  apparent  that  diamond  is  not  common  in  mafic  and  ultramafic  compositions  which 
respectively  have  coesite  +  diopside  +  diamond  +  enstatite  and  diamond  +  forsterite  +  enstatite  + 
diopside.  Diamond-bearing  assemblage  in  eclogites  occurs  at  P  >  60  kbar  whereas  that  in  garnet 
pyroxenite  is  stable  at  P  >  70  kbar.  The  formation  of  diamond  with  coesite  +  diopside  +  enstatite 
in  eclogitic  rocks  may  be  controlled  by  a  reaction  coesite  +  magnesite  =  enstatite  +  diamond  +  O2; 
the  formation  of  diamond  with  diopside  +  enstatite  +  forsterite  in  lherzolite  may  be  controlled  by  a 
reaction  enstatite  +  magnesite  =  forsterite  +  diamond  +  O2.  The  former  reaction  occurs  at  slightly 
higher  fo2  conditions  than  the  later  reaction,  consistent  with  previous  suggestions  (e.g.,  Luth, 
1993). 


On  the  other  hand,  diamond  occurs  in  a  variety  of  carbonate  assemblages  and  is  stable  in  a 
wide  fo2~T-P  stability  field;  naturally,  different  diamond-bearing  assemblage  is  stable  in  different 
condition.  For  example,  diamond-coesite-dolomite-magnesite  is  restricted  to  P  <  45  kbar  and 
higher  fo2  conditions  compared  with  wider  stability  field  for  diamond  +  dolomite  +  diopside  + 
magnesite  assemblage.  Diamond  +  forsterite  association  occurs  at  much  higher  P  in  carbonate 
rocks. 


Discussion:  The  calculated  results  shown  in  Fig.  1  should  be  considered  to  be 
preliminary  as  thermodynamic  properties  of  these  phases  at  UHP  conditions  are  extrapolated  and 
the  calculated  program  may  involve  a  large  uncertainty.  Moreover,  introduction  of  other 
components  and  other  phases,  particularly  for  mafic  compositions,  will  significantly  modify  the 
phase  relations.  Nevertheless,  the  calculated  results  summarized  in  Fig.  1  and  Table  1  conclude 
the  followings:  (1)  The  observed  diamond-bearing  assemblage  in  the  Kokchetav  marble  is  stable  at 
P  >  50  kbar  and  does  not  contain  coesite;  (2)  At  the  estimated  P-T  conditions  for  the  Kokchetav 
UHP  rocks,  mafic  eclogite  may  not  have  diamond-bearing  assemblage;  (3)  The  observed  diamond¬ 
bearing  ultramafic  assemblages  for  the  garnet  pyroxenite  from  the  Beni  Bousera  massif  must  have 
occurred  at  P>  60  kbar  and  low  fo2  conditions;  and  (4)  the  reported  diamond  inclusions  in  garnet 
of  coesite- bearing  eclogitic  rocks  from  the  Dabie  UHP  terrane  of  central  China  remain  to  be 
confirmed  as  their  associated  impure  marbles  lack  of  diamond-bearing  assemblages  and 
independent  P  estimates,  less  than  60  kbar. 
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MORPHOLOGY  AND  COMPOSITION  OF  MINERAL  INCLUSIONS  IN  CHROMITE 
MACROCRYSTS  FROM  KIMBERLITES  AND  LAMPROITES 


A. M. Logvinova  and  N.V. Sobolev 

Institute  of  Mineralogy  and  Petrography,  Siberian  Branch,  Russian  Academy  of  Sciences, 

630090  Novosibirsk,  Russia 

Mineral  inclusions  in  the  main  indicator  minerals  of  kimberlites  and  lamproites  are 
considered  significant  source  of  information  on  parageneses  and  PT  conditions  of  formation  of 
deep  seated  minerals.  This  is  especially  important  for  a  comparison  with  mantle  xenoliths  which 
are  very  often  severely,  altered  or  absent  in  particular  pipes. 

Chromite  macrocrysts  (more  than  0.5  mm)  have  attracted  not  much  attention  in 
attempts  of  inclusions  study  because  of  small  size  of  grains  and  very  rare  and  minute  inclusions 
comparable  with  those  from  diamonds.  The  first  visual  approach  to  identification  of  inclusions  in 
chromites  was  attempted  by  Rovsha  (1962). 

Logvinova  and  Sobolev  (1991)  reported  preliminary  results  of  morphological  and 
chemical  study  of  about  70  inclusions  extracted  from  1700  crushed  chromite  grains  from 
kimberlites  and  lamproites.  We  report  here  the  results  of  a  study  of  185  unaltered  silicate 
inclusions  extracted  from  2550  grains  of  chromite  macrocrysts  from  a  number  of  kimberlite 
(1503  grains)  and  lamproite  (1047  grains)  pipes  from  different  regions  of  the  globe  (Table  1), 
including  Yakutia  (1-4),  Arkhangelsk  (5),  South  Africa  (6,7),  Australia  (8)  and  USA  (9). 

Table  1.  Abundance  of  mineral  inclusions  in  chromites  from  kimberlites  and  lamproites 


Kimberlite  (1-7)  and 
lamproite  (8-9) 

Pipes 

n 

ol 

cpx 

opx 

ga 

phi 

sf 

alt 

1.  Aikhal 

337 

15 

1 

3 

4 

2 

- 

15 

2.  Udachnaya 

279 

23 

2 

1 

- 

- 

- 

8 

3.  Mir 

132 

5 

3 

- 

2 

- 

3 

9 

4.  International 

96 

3 

1 

- 

1 

- 

- 

5 

5.  Pionerskaya 

230 

14 

- 

- 

2 

- 

- 

1 

6.  Newlands 

347 

21 

6 

14 

1 

5 

- 

43 

7.  Koffifontein 

82 

- 

2 

- 

4 

- 

- 

- 

8.  Ellendale-4 

742 

16 

2 

2 

1 

2 

- 

37 

9.  Prairie  Creek 

305 

22 

1 

1 

- 

- 

- 

23 

Total 

2550 

119 

18 

21 

15 

9 

3 

141 

Note:  n=  number  of  studied  chromite  grains. 


Three  types  of  morphology  are  typical  of  extracted  inclusions.  The  first  type  is 
represented  by  crystals  with  well  developed  octahedral  faces  similar  to  most  inclusions  in 
diamonds  by  their  negative  morphology.  Tabular  appearance  is  typical  of  the  second  type  and 
completely  rounded  or  heavily  resorbed  inclusions  mainly  from  lamproitic  chromites  belong  to 
the  third  type. 

Olivine  is  the  most  abundant  inclusion  in  all  chromites  studied  and  represents  more 
then  60%  of  all  unaltered  inclusion  grains.  Olivines  from  kimberlitic  chromites  contain  89-94 
mol.%  Fo,  however  olivines  from  lamproitic  chromites  have  narrower  range  of  Fo:  from  88  to  90 
mol.%.  CaO  contents  in  lamproitic  olivine  inclusions  (0.07  wt.%  av.)  is  significantly  higher 
compared  with  those  kimberlitic  (0.02  wt.%  av.). 

Pyrope  presence  in  15  chromite  grains  from  7  out  of  9  examined  pipes  indicates 
several  types  of  peridotite  parageneses  for  kimberlitic  chromites  including  harzburgite-dunite, 
Iherzolite  and  wherlite.  Lherzolitic  pyrope  presence  as  an  inclusion  in  lamproitic  chromite  is  of 
special  interest  (see  Table.  2). 
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At  least  two  samples  (A-45,  A-8)  containing  coexisting  Cr  pyropes  and  Cr-rich  spinels 
(Sobolev,  1971,  1974)  relate  to  the  diamond-facies  (see  Table  2). 


Table  2.  Selected  analyses  of  Inclusions  and  host  chromites  from  kimberlites  and  lamproites. 


Sample 

SiC>2 

Ti02 

ai2o3 

Cr203 

FeO 

MnO 

MqO 

CaO 

Na20 

NiO 

Total 

Chromites 

A-45 

0.07 

0.37 

5.28 

64.0 

16.9 

0.34 

11.6 

nd 

nd 

0.09 

98.65 

A-8 

0.06 

0.44 

6.01 

61.2 

19.1 

0.29 

11.8 

nd 

nd 

0.11 

99.01 

New- 183 

0.03 

1.97 

1.51 

63.7 

19.3 

0.26 

12.0 

nd 

nd 

0.13 

98.90 

In-33 

<0.02 

0.56 

8.60 

56.3 

23.0 

0.24 

10.5 

nd 

nd 

0.02 

99.22 

El-4/86 

0.09 

1.56 

7.90 

48.2 

30.5 

0.22 

11.3 

nd 

nd 

0.16 

99.93 

PC-8 

0.19 

0.26 

14.6 

41.0 

29.6 

0.17 

12.7 

nd 

nd 

0.20 

98.72 

Garnets 

A-45 

40.3 

0.13 

13.9 

11.9 

6.41 

0.42 

18.3 

7.48 

0.05 

nd 

98.89 

A-8 

41.5 

0.08 

18.2 

7.14 

6.82 

0.41 

22.0 

3.44 

0.03 

nd 

99.62 

In-33 

41.9 

0.16 

21.5 

1.98 

7.25 

0.55 

16.7 

9.62 

0.07 

nd 

99.73 

El-4/86 

41.0 

0.18 

16.8 

7.33 

8.71 

0.54 

18.9 

6.43 

0.02 

nd 

99.91 

Clinopyr. 

New- 183 

54.6 

0.19 

0.54 

4.15 

1.69 

0.06 

15.7 

19.3 

2.50 

nd 

98.73 

PC-8 

54.8 

<0.02 

0.36 

0.32 

1.40 

0.06 

17.7 

24.5 

0.16 

nd 

99.3 

Enstatites 

PC-8 

57.7 

<0.02 

0.51 

0.19 

5.17 

0.14 

35.4 

0.18 

0.05 

nd 

99.34 

Notes:  1.  nd  -  not  determined;  2.  FeO  calculated  as  total  FeO;  3.  Aikhal  -  A;  Newlands  -  New; 
International  -  In;  Ellendale  -  El;  Prairie  Creek  -  PC. 


Pyroxenes  have  a  wide  range  in  Cr203  contents  represented  in  two  clinopyroxene 
analyses  (see  Table  2).  Enstatites  are  most  typical  as  inclusions  in  Newland«s  chromites.  Their 
Al203  varies  from  0.08  to  0.62  wt.%  and  Cr203  varies  from  0.24  to  0.58  wt.%. 

AH  three  types  of  peridotitrc  assemblages  based  upon  compositional  features  of  pyropes 
and  pyroxenes  (Sobolev,  1974)  might  be  recognized  for  inclusion  bearing  chromites, 
harzburgite-dunitic,  Iherzolitic  and  wherlitic. 

Temperature  estimate  for  30  kbar  pressure  (O'Neill,  Wall,  1987)  shows  a  range  from  780 
to  1040°C  for  73  samples  of  kimberlitic  chromites  and  from  1010  to  1 144°C  for  32  samples  from 
lamproites.  Such  a  difference  in  temperatures  correlates  with  a  difference  in  Ca  abundance  in 
olivines.  Prairie  Creek  chromites  combine  two  different  trends  with  a  range  of  950-1 150°C  for 
12  samples.  This  is  in  agreement  with  data  by  Griffin  et  al.  (1991 ). 
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VOLCANOLOGY  OF  THE  DIATREME-RICH  CARBONATITIC  GROSS  BRUKKAROS 
VOLCANIC  FIELD  AND  OF  THE  NEAR-BY  GIBEON  KIMBERLITE  PROVINCE, 
NAMIBIA. 

Lorenz  1 ,  V.,  Kurszlaukis1,  S.,  Stachel2,  T.,  Brey3,  G.,  Stanistreet4,1,  I.G.,  Franz5,  L. 
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The  enigmatic  carbonatitic  Gross  Brukkaros  volcanic  field  and  the  Gibeon 
kimberlite  volcanic  field  in  southern  Namibia,  both  intensively  discussed  during  the 
First  International  Kimberlite  Conference  in  1973,  have  been  restudied  in  detail 
since  1991  with  the  following  results: 

Gross  Brukkaros  is  a  volcano  shaped  inselberg  in  southern  Nami-bia  with  a  basal 
diameter  of  7  km  and  a  height  of  600  m  above  the  surrounding  Nama  plain.  From  a 
structural  and  morphological  point  of  view  Gross  Brukkaros  forms  a  ring-shaped 
ridge  3  km  in  diameter  surrounding  an  intramontane  basin  and  located  in  the  centre 
of  a  ringshaped  antiform  (4.5  km  in  diameter  at  its  crest).  At  the  present  erosional 
surface  the  ring-shaped  antiform  has  a  diameter  of  10  km  of  updomed  rocks  and 
exposes  Cambrian  Nama  quartzites  and  shales  of  the  Fish  River  Subgroup.  At  the 
southern  and  eastern  outer  margin  of  the  ring-shaped  ridge  7  large  newly 
discovered  blocks  of  Dwyka  sediments  from  the  basal  Karoo  have  escaped 
erosion  and  unconformably  overly  the  Cambrian  shales.  The  Cambrian  and  Karoo 
sediments  of  the  inner  limb  of  the  antiform  are  unconformably  overlain  by  up  to  250 
m  of  silicified  sediments.  These  sediments  form  the  outer  escarpment  and  inner 
slope  of  the  Gross  Brukkaros  ridge.  They  consist  of  reworked  pyroclastic  and 
country  rocks.  These  sediments  were  deposited  in  a  depocenter  originally  larger 
than  the  present-day  area  of  outcrop  and  consist  of  debris  flows,  mudflows,  and 
braided  fluviatile  and  lacustrine  deposits.  The  latter  contain  many  turbidite  beds 
and  plant  fossils  which  in  all  probability  are  of  Upper  Cretaceous  age.  A  high 
proportion  of  dolerite  detritus,  occurring  as  lithic  clasts  and  as  individual  mineral 
grains  (plagioclase  and  clinopyroxene),  as  well  as  rounded,  monocrystalline  quartz 
grains  were  observed  in  the  Brukkaros  sediments.This  clearly  indicates  that  in 
Upper  Cretaceous  time  the  Karoo  sediments  in  the  Brukkaros  area  not  only  con¬ 
tained  one  or  several  extensive  dolerite  sills  but  were  already  overlain  by  uncon¬ 
solidated  aeolian  Kalahari  sediments.  Aeolian  Kalahari  sediments  provide  the  only 
likely  source  for  these  highly  mature  quartz  grains.  The  lake  beds  and  fluviatile 
beds  in  the  Brukkaros  sediments  prove  -  and  this  is  of  paleohydrogeological 
relevance  in  respect  to  the  formation  of  the  many  diatremes  in  the  vicinity  -  that 
there  existed  sufficient  groundwater  at  near-surface  levels  and  that  surface  water 
flow  occured.  Synsedimentary  faulting  (with  downthrow  dowards  the  center  of 

Gross  Brukkaros)  and  dips  of  the  Brukkaros  sedimentary  sequence  up  to  30°, 
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locally  up  to  vertical,  imply  that  the  depocenter  subsided  over  an  extended  period  of 
time. 

Surrounding  the  central  area  of  Gross  Brukkaros  there  exist  in  excess  of  100 
carbonatite  dykes  and  74  carbonatite  diatremes.  The  updoming  of  the  Cambrian 
and  younger  sediments  as  well  as  emplacement  of  these  subvolcanic  feeder 
structures  are  assumed  to  have  been  caused  by  a  laccolithic  intrusion  which 
through  these  feeders  resulted  in  carbonatite  volcanism  -  ?lava  flows,  ?scoria 
cones  and  maars.  A  great  proportion  of  basement  xenoliths  in  the  dykes  and 
diatremes  clearly  points  to  a  laccolith  intrusion  level  largely  within  the  uppermost 
basement  (Nama /  basement  boundary  at  1  km  depth).  Growth  of  the  laccolith  in 
several  phases  resulted  in  dykes  mostly  radial  to  the  northwestern  margin  of  Gross 
Brukkaros,  at  the  intersection  with  the  southwestern  area  of  the  so-called  Balcony, 
an  intensively  blockfaulted  area.  The  dykes  extend  up  to  13  km  away  from  Gross 
Brukkaros.  Most  of  them  are  up  to  0.5  m  in  width,  a  few  reach  2.2  m.  Vesicles  in  a 
few  dykes  prove  exsolution  of  volatile  phases  and  synchronous  quenching  to  allow 
preservation.  The  dykes  consist  of  either  silicocarbonatite  (Mg-rich)  or  magnesio- 
carbonatite,  in  one  instance,  relatively  close  to  the  Brukkaros  ridge,  of  calciocar- 
bonatite.  Carbonatite  ash  grains  and  lapilli  of  the  two  main  types  occur,  of  course, 
also  in  the  carbonatite  diatremes.  In  addition,  there  occur  redeposited  magnesio- 
and  calciocarbonatite  lapilli,  locally  forming  up  to  70%  of  the  sedimentary  rocks,  in 
the  Brukkaros  sediments.  Obviously,  this  indicates  that  the  reservoir  contained 
different  batches  of  carbonatite  magma  and  may  have  been  layered.  The  high 
proportion  of  calciocarbonatite  lapilli  in  the  Brukkaros  sediments  and  the  single 
calciocarbonatite  dyke  rather  close  to  Gross  Brukkaros  suggest  that  the  calciocar¬ 
bonatite  magma  batch  was  located  near  the  top  and  central  part  of  the  magma 
reservoir.  In  addition  it  is  suggested  that  calciocarbonatite  diatremes  were  located 
above  the  central  area  of  the  laccolith,  but  below  the  depocenter  and  they  were 
active  prior  to  deposition  of  those  Brukkaros  sediments  which  are  exposed  at 
present. 

The  74  carbonatite  diatremes  surrounding  Gross  Brukkaros  are  from  a  few  m  (from 
root  zone  sizes)  up  to  200  m  in  diameter,  i.e.  the  larger  ones  consist  of  complex 
diatreme  structures  with  a  multitude  of  facies.  In  many  instances  the  diatremes  are 
located  on  and  thus  cut  a  genetically  associated  dyke  ("precursor  dyke").  Xenoliths 
of  diverse  sizes  in  the  diatremes  prove  a  former  upward  extension  of  the  diatremes 
from  Nama  through  Karoo  sediments,  one  or  several  Karoo  dolerite  sills,  and 
through  unconsolidated  Kalahari  sediments.  They  are  cut  by  the  present  erosion 
surface  between  about  200  -  600  m  below  the  original  Kalahari  surface,  which  must 
have  been  at  or  above  the  top  level  of  Gross  Brukkaros.  The  high  ratio  of  country 
rock  clasts  to  juvenile  carbonatite  clasts  suggests  maars  as  the  volcano  type  cut 
into  the  Kalahari  sediments  and  ?Karoo  rocks  and  surrounded  by  respective  tephra 
rims  and  beds.  Erosion  of  these  ejecta  and  their  redeposition  in  the  Brukkaros 
depocenter  resulted  in  a  large  carbonatite  fraction  and  very  angular  sedimentary 
clasts  (explosively  fragmented  inside  the  diatremes)  within  the  Brukkaros 
sediments.  Lack  of  vesicles  within  the  carbonatite  ash  grains,  lapilli  and  bombs  - 
many  of  which  are  spherical  pyroclasts  because  of  action  of  surface  tension  -  and 
the  paleohydrogeological  environment  strongly  support  a  phreatomagmatic  origin 
of  the  carbonatite  diatremes.  A  number  of  diatremes  were  finally  intruded  by 
carbonatite  dikes  and  plugs. 
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Due  to  continued  eruption  from  the  radial  dykes  (lavas?,  scoria?)  and  from  the 
diatremes  which  must  have  ejected  typical  maar  tephra  a  growing  mass  deficiency 
evolved  in  the  laccolithic  magma  reservoir  and  the  overlying  roof  rocks  subsided 
over  an  extended  period  of  time  resulting  in  a  sagging  caldera  and  consequently  in 
the  depocenter  and  its  fill.  The  Brukkaros  sediments,  representing  this  caldera  fill, 
suffered  postdepositional  strong  metasomatic-hydrothermal  alteration  (fenitization) 
implying  the  existence  of  a  hot  reservoir  still  at  this  stage  of  the  evolution  of  Gross 
Brukkaros. 

The  nearby  Tertiary  Gibeon  Kimberlite  Province  diatremes  also  evolved  from  and 
cut  kimberlite  dykes  up  to  2  m  thick  and  500  m  long.  The  kimberlite  diatremes 
penetrated  Nama  and  Karoo  sediments  as  well  as  Karoo  lava  flows  (in  the  North)  or 
dolerite  sills  (in  the  South)  as  indicated  by  blocks  of  enclosed  and  subsided 
countryrocks.  Spherical  nonvesicular  lapilli  and  the  same  paleohydrogeological 
environment  during  the  Upper  Cretaceous  to  ?lowermost  Tertiary  as  at  Brukkaros 
also  advocate  strongly  for  a  phreatomagmatic  origin  of  these  diatremes.  In  a  few 
diatremes  there  occur  late  intrusive  kimberlite  plugs  which  may  have  extended  into 
kimberlite  lava  lakes,  lava  flows,  or  scoria  cones  and  scoria  beds  on  respectively 
outside  the  floor  of  the  kimberlite  maars.  Uplift  of  a  few  m  wide  collar  of  the  sur¬ 
rounding  country  rocks  at  each  kimberlite  diatreme  suggests  swelling  of  the 
kimberlite  diatreme  rocks  and  upward  drag  along  the  diatreme  walls  due  to 
posteruptive  hydration  of  the  kimberlite  fraction  of  the  permeable  diatreme  fill. 
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North  China  Platform  includes  two  nucleus ,  Ji-Lu-Liao  and  Ordos ,  which  consoli¬ 
dated  at  2.  5  billion  years.  Early  Proterozoic  fold  belt  which  consolidated  at  1.  7-1.  8  bil¬ 
lion  years  distributes  at  the  margins  of  Platform  and  Mid-Late  Proterozoic  aulacogen  oc¬ 
cur  between  two  nucleus.  Three  periods  of  kimberlitic  magmatism  have  been  recognized. 
They  are;  Mid  Proterozoic  kimberlitic  and  lamproitic  activity  (1649-181lMa)  represent¬ 
ed  by  Yanggao  field  at  the  margin  of  Ordos  nucleus  ;  Palaeozoic  kimberlitic  activity  (457- 
462Ma)  represented  by  two  diamondiferous  kimberlites,  Menyin  at  Ji-Lu-Liao  nucleus 
and  Fuxian  at  Early  Proterozoic  fold  belt,  and  Late  Mesozoic-Cenozoic  (117-52Ma)  rep¬ 
resented  by  Hebi  and  Shexian  at  the  Proterozoic  aulacogen.  The. period  of  diamondiferous 
kimberlite  activity  conincides  with  a  period  of  pronounced  regional  uplift  in  North  China 
(eperirogeny).  The  features  of  kimberlitic  fields  and  palaezoic  lithosphere  show  in  Tab. 
1. 

Research  into  mantle  xenoliths ,  diamond  inclusion  and  heary  minerals  from  kimber¬ 
lites  has  improved  our  understanding  of  the  composition  and  processes  of  Palaezoic  litho¬ 
sphere,  particularly  in  Eastern  China  ancient  lithosphere  has  been  destroyed  by  the  up¬ 
lifting  of  asthenosphere  at  Mesozoic  and  Cenozoic  time  (Lu  et  al.  1992).  Thus,  it  can 
not  be  obtained  the  topography,  depth  and  geotherm  using  geophysic  method  and  heat 
flow  measurment. 

It  is  no  doubt  that  ancient  thick  lithosphere  existed  before  the  emplacement  of  dia¬ 
mondiferous  kimberlites  at  457  — 462Ma  in  North  China  Platform.  (Lu  et  al,  1991)  In 
the  centre  of  both  nucleus  (Mengyin,  and  Liulin)  the  lithosphere  was  thick  (223  — 
204km)  with  a  marked  thinen  to  the  platfrom  margins  (Tieling  and  Yanggao).  The  man¬ 
tle  palaegeotherm  intersected  the  diamond  stability  field  in  Mengyin  and  Fuxian  and  was 
lower  than  40mw/m2(lHFU ).  These  features  are  as  same  as  other  cratons  containning 
diamondifeous  kimberlite  in  the  world.  Recently,  some  new  observation  and  discoveries 
have  been  obtained  such  as  ,  chemical  characteristics  of  different  type  of  peridotite ,  fluid 
inclusions  in  diamonds ,  and  many  native  elements  and  alloy  in  kimberlites  and  diamonds. 
Those  facts  enable  us  to  established  some  new  principles  to  interpretate  the  mantle  pro¬ 
cesses.  Althrough  eight  kimberlite  fields  distributed  at  North  China  platform  the  dia¬ 
mondifeous  pipes  in  Mengyin  and  Fuxian  contain  abundant  mantle  xenoliths  and  diamond 
inclusion.  The  data  of  this  paper  is  predominantly  based  on  the  extensive  studies  from 
those  two  areas. 

1.  There  are  considerable  similarities  in  major  types  of  mantle  xenoliths  from  kimberlites 
between  North  China  Plaform  and  other  places  in  the  world.  However,  the  peridotite 
with  igneous  and  cumulate  genesis  may  be  more  popular  in  Mengyin  and  Fuxian.  Gar¬ 
net/spinel  peridotite  have  30.  78-52.  11%  Si02  contents  in  which  containing  <-40% 
Si02  also  have  >13%  H20+C02.  Thus,  the  very  low  Si02  contents  can  account  for 
suffering  strong  alteration.  On  the  other  hand ,  harzbergites  with  high  Si02  and  Ga- 
dunites  with  relic  igpeous  texture  might  be  crystallized  as  cumulates  from  ultrabasic 
magma  at  earlier  evolution  of  the  Earth  (Herzberg  1993).  Some  peridotites  with  high 
Si02,  low  MgO,  and  pyroxene-rich  transfering  to  wehrlite  may  also  represent  intru¬ 
sive  dike,  net-vein  and  sheet  emplaced  into  the  base  and  different  depth  of  litho¬ 
sphere.  Statistically,  lithospheric  mantle  samples  have  28%  igneous  origin  beneath 
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Tab.  1  The  features  of  kimberlitic  and  lamproitic  fields  and  Palaeozoic  lithosphere 

in  North  China  Platform 


gological 

setting 

age  of 
magma 
emplaced 

kimberlite 

geochemistry 

temperature 
and  depth  of 
lithosphere 

Mengyin ,  * 
Shandong 
province 

in  the  middle 
of  Ji-Lu-Liao 
nucleus 

457Ma 

type  I 

eNd  =  —  1.  82 

(87Sr/86Sr)i  =  0.  70418-0.  70428 
high  Sr,Th,Nb,T.a, 
MgO/Si02 

moderade  REE,  Ti  low  Ba 

223km 

1184'C 

Fuxian,  * 
Liaoning 
province 

at  the  margin 
of  Proterozoic 
fold  belt  and 
near  the 
boundary 
between  Ji-Lu 
-Liao  nucleus 

462Ma 

transition  between 
type  I  and  H 
eNd  =  —  1.  11 
(87Sr/86Sr)i  =  0.  70736 
high  REE,Rb,Ba,Nb,Ta, 
moderate  Ti 

208km 

1123'C 

Tieling, 

Liaoning 

province 

at  the  margin 
of 

Ji-Lu-Liao 

mucleus 

701Ma 

? 

highest  REE 
high  P 

low  Nb,Ta,Ti 

*<150km 

Huanren , 
Liaoning 
Province 

at  the  margin 
of 

Ji-Lu-Liao 

nucleus 

Yanggao, 

Shanxi 

province 

at  the  margin 
of  Oreos 
nucleus 

1649— 

1811Ma 

type  I 
high  Ti 

moderate  REE,P,Ba  low  Nb 

138km 

1148-1161C 

Liulin, 

Shanxi 

province 

in  the  middle 
of  Ordos 
nucleus 

moderate  P 
low  Ti,MgO/Si02 

204km 

1161°C 

Hebi, 

Henan 

province 

at  the 
Proterozoic 
aulacogen 

117— 52Ma 

Low  REE,Nb,Ta,Ba,Rb,P 
lowest  Ti 

<C130km 

Shexian , 
Hebei 
Provice 

at  the 
Proterozoic 
aulacogen 

similar  to  Hebi 
kimberlite 

116  — 113km 
818-1011C 
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Mengyin  and  Fuxian  except  Marid  suite  and  wehrlite-pyroxenite  suite. 

2.  All  peridotites  have  steep  slopes  LREE-rich  pattern.  They  contain  8  times  more  La 
than  those  from  south  African  (Nixon  1981).  At  least  6  samples  not  only  have 
sheared  texture  but  also  have  LREE-rich  pattern.  La  contents  are  from  260  (the 
highest  one  in  peridotitic  xenoliths )  to  60  times  of  chondrite  indicating  that  those 
rocks  may  also  be  sampled  from  lithosphere  but  asthenosphere.  It  is  better  to  explain 
that  lithospheric  shear  zone  developed  beneath  Fuxian  and  Mengyin.  The  coupling  de¬ 
formation  with  metasomatism  shows  that  deformation  in  lithospheric  mantle  is  not  a 
simple  isochemical  mechanical  process  but  is  often  associated  with  compositional 
change  related  to  the  additional  influx  of  fluid  or  melt  from,  asthenosphere  (Downes 
1990)  and  more  deep  seat. 

3.  Two  kinds  of  fluid  acted  in  ancient  lithosphere  beneath  Mengyin  and  Fuxian  have 
been  assumed.  One  fluid  which  was  related  to  kimberlitic  or  other  alkalic  melt  is  the 
main  type  and  widely  affected  in  ancient  lithosphere  a$  mang  investigators  have  em¬ 
phasized  already.  Another  fluid  might  be  from  deep  mantle  which  is  substantially 
supported  by  the  discovery  of  native  elements,  carbite,  silicite  and  oxidate  in  kimber¬ 
lites,  such  as  Cu,  Ag,  Pb,  Zn  Fe,  Si,  FeSi2,  (FeTi)  Si,  WC  SiC  and  FeO  (Zhao, 
Lu ,  et  al  1993)  and  native  elements,  alloy  (Zhao,  Lu,  et  al,  1995)  chloride,  sulphide 
(Miao,  Liu,  et  al  1991)  such  as  Ag ,  AuFe,  KC1,  NaCl,  FeS2  PbS.  The  native  ele¬ 
ments  can  certainly  not  crystallize  in  kimberlitic  magma  and  lithosphere  for  the  high 
fo2  condition.  These  minerals  montioned  above  can  provide  a  windows  into  deep  man¬ 
tle.  In  addition,  fluid  indusions  have  been  recognized  in  12  diamonds  in  Fuxian 
(Zheng,  Lu,  et  al.  1994)  and  C02,  N2,  H2S,CH3,H20  ,S02,  NH3 ,  H2,HS-1and  Cl- 
have  been  identified.  Based  on  above  data,  the  main  composition  of  second  fluids  in- 
ferencelly  are  C.  H.  O.  N.  S  and  alkali  metals  and  the  C-H-0  fluid  speices  varied  from 
deep  mantle  to  lithosphere  with  the  fo2  increasing.  It  can  penetrate  kimberlite  magma 
and  mixed  with  the  first  fluid  to  enhance  the  capability  of  metasomatism.  A  mantle 
plume  might  occur  and  several  secondary  order  wet  plum  raising  to  induce  the  melting 
event  and  along  the  conduit  of  kimberlitic  magma  continuously. 
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Introduction 

Ultrapotassic-mafic  and-ultramafic  rocks  from  the  western  and  central  part  of  the  Aldan  shield  (East  Siberia) 
were  first  described  as  lamproites  by  Mironuk(1960),  and  subsequently  studied  by  Vladikm  (1985),  Tomshin  et  al. 
(1986).  Bogatikov  et  al.  (1986).  and  Mahotkm  (1991).  On  the  basis  of  major  element  variations  and  their  mineral 
assemblages,  the  Aldan  lamproites  have  been  divided  into  2  major  groups:  (1)  agpaitic  lamproites  from  the  Munin 
massif.  Molbo  River  (Olekma  Granite-greenstone  Archaean  block)  and  Lomam  massif  (Timpton  enriched 
amphibolites  granulite-gneiss  Archaean  block);  (2)  miaskitic  lamproites  from  the  Central  Aldan  area  and 
Chompolo-Amga  River  (Central-Aldan  granulite-gneiss  Archaean  block)  (Fig.  1).  Both  lamproite  groups  are 
strongly  depleted  in  Ti  and  other  high-field-strength  elements  (HFSE)  relative  to  large-ion-lithophile  elements 
(LILE)  and  LREE  compared  with  an  average  lamproite  (Bergman.  1987).  In  this  respect  the  Aldan  lamproites 
resemble  other  collision-related  potassic  rocks  from  convergent  margins.  In  this  paper  geochemical  and  isotopic 
data  for  the  Aldan  agpaitic  and  miaskitic  lamproites  are  used  to  infer  the  mineralogy  and  chemistry  of  their  mantle 
source  regions,  and  to  assess  the  processes  responsible  for  the  relative  HFSE  depletion  of  the  Aldan  lamproites. 

Geological  Setting 

The  Aldan  Mesozoic  lamproite  magmatism  is  a  product  of  collision-related  tectono-magmatic  activity  along  the 
south-east  margin  of  the  Siberean  platform  which  collided  with  mobile  lithospheric  blocks  of  the  East  Asian  plate 
in  the  Mesozoic  (Fig.l).  The  lamproitic  magmatism  occurred  far  to  the  north  of  the  Mesozoic  collision  front 
according  to  the  zonation  of  Mesozoic  magmatism.  The  lamproites  occur  mainly  along  the  northen  slope  of  the 
Aldan  Shield  and  their  separate  occurences  comprise  a  discontinuous  belt  over  500  km  long  and  ~150  km  in  width. 
Within  this  area  emplacement  of  the  lamproites,  together  with  other  Mesozoic  alkaline  and  subalkaline 
magmatism  in  the  western  and  central  part  of  the  Aldan  shield,  was  related  to  local  Mesozoic  extension  between 
several  north-east  oriented  uplifted  crustal  blocks.  This  tectonism  formed  a  weakly  developed  wide-spread  shear 
zone  within  the  Aldan  Shield  (Fig.l).  The  Mesozoic  lamproites  were  erupted  in  two  stages:  (1)  130-136  Ma 
(Neocomian)  and  (2)  -120  Ma  (Aptian)  (Mahotkin,1989;  Mues,  et  al.,1994).  In  most  areas  lamproite  magmatism 
was  contemporaneous  with  potassic  alkaline  magmatism  (leucitites,  phonolites,  phlogopite-pvroxenites  and  related 
dunites,  missourites.  shonkinites,  alkaline  syenites,  alkaline  granites)  and  subalkaline  magmatism  (minettes, 
absarokites.  trachytes,  syenites,  monzonites). 

Rock  types  and  mineralogy 

Among  the  miaskitic  lamproites  of  the  Central  Aldan  area  there  are  three  rock  series:  (1)  sills  and  dikes  (-133 
m.a.)  of  the  differentiated  ultramafic-mafic  lamproites  intruding  the  Yakokut  and  Inagli.  massif  and  Verhni- 
Yakokut  Jurassic  depression  in  the  central  part  of  this  area;  (2)  pipes  and  related  dikes  (-130  m.a.)  of  mafic 
lamproites  intruding  in  the  Nizhni  Yokokut  eruptive  field  (5  pipes)  and  Nizhni  Seligdar  eruptive  field  (12  pipes); 
both  eruptive  fields  are  situated  in  the  northern  part  of  the  Central  Aldan  Sheild;  (3)  pipes  and  related  eruptive 
dikes  and  sills  (-120  m.a.)  of  intensive  altered  potassic  ultramafic  breccias  whose  compositions  are  close  to  mica 
kimberlite  or  olivine-mica  ultramafic  lamproite  (Yagodka,  Zvezdochka,  Mrachnaja  pipes  and  another  16  pipes  and 
dikes). 

The  Verhni-Yakokut  lamproites  are  madupite  family  lamproites,  and  the  magmas  have  experienced  flow- 
differentiation  and  olivine  accumulation  yielding  Ol-Di-Phl  ultramafic  lamproites  in  the  central  part  of  dikes  and 
the  lower  zones  of  sills  that  are  up  tolO  m  thick.  The  Y'akokut  ultramafic  lamproites  contain  large  rounded  and 
euhedral  phenocrysts  of  Mg-rich  olivine  (25-40  vol.%)  and  diopside  (5  vol.%);  microphenocrysts  of  olivine, 
diopside,  and  Cr-spinel  included  in  olivine  and  diopside  phenocrysts.  Their  coarse-  to  fine  grained  groundmass 
consists  of  diopside  (10-15  vol.%),  poikilitic  plates  of  phlogopite 

(20-28  vol.%),  pseudoleucite  altered  to  orthoclase  (16-20  vol%),  oxides  and  glass  altered  to  amphibole,  talc  and 
chlorite.). 

The  mafic  lamproites  of  the  Nizhni  Ykokut  eruptive  field  are  subdivided  into  3  groups:  olivine-phlogopite- 
diopside  mafic  lamproites  (very  diamond-poor  Kayla  pipe);  phlogopite-diopside  mafic  lamproites  (Lyzhnaaja  pipe 
near  the  northern  border  of  the  Raybinovy  massif),  and  olivine-diopside  mafic  lamproites  (from  the  Ryabinovaja 
pipe  intruding  the  central  part  of  the  same  alkaline  massif).  Ail  of  these  lamproites  are  porphyritic  rocks  with 
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rounded  or  euhedral  phenocryst  and  microphenocrysts  of  olivine  (10-20  vol.%),  diopside  (7-15  vol.%)  and 
phlogopite  (12-15  vol .%)  for  the  Kayla  lamproites,  olivine  (1-7  vol'%),  phlogopite  (20-35  vol%),  and  diopside 
(10-25  vol.%)  for  the  Lyzhnaja  pipe,  and  olivine  (10-25  vol.%)  for  Raybinovaja  pipe.  Their  groundmass 
assemblages  consist  of  diopside  +  phlogopite  (biotite)  +/-  pseudoleucite  +/-  sanidine  (with  ~2  wt.%  FeO)  +  oxides 
+/-  altered  glass.  Among  the  heavy  mineral  concentrates  Cr-spinels  and  zircons  are  predominant,  but  picroilmenite 
is  absent.  Xenociyst  spinels  are  enriched  in  Cr203  (59-63.0  wt.%). 

Among  the  agpaitic  lamproites  of  the  Olekma  area  there  are  3  rock  types:  olivine-diopside-phlogopite  mafic 
lamproites  (dykes,  Murun);  diopside-phlogopite-richterite  mafic  lamproites  (dykes,  Murun);  olivine-phlogopite 
mafic  lamproite  (dyke,  Molbo). 

Agpaitic  ultrapotassic-ultramafic  rocks  of  the  Lomam  intrusion  include  phlogopite  wherlites,  phlogopite 
missourites  and  K-richterite  pyroxenites,  which  on  the  basis  of  mineral  and  melt  inclusion  compositions,  exhibit 
close  similarities  to  the  Murun  agpaitic  lamproites. 

Temperature  and  oxygen  fugacity 

The  Yakokut  ultramafic  lamproite  melts  have  high  homogenisation  temperatures  (1190-1245  °C)  that,  however 
are  lower  than  maximum  estimates  from  Ol-Sp  equilibria  (1050-1350  °C)  due  to  the  effects  of  dissolved  magmatic 
fluids.  The  estimated  f02  for  the  Yakokut  melts  is  NNO+(0.5-1.5  lg.un.).  The  Raybinovaja  pipe  mafic  lamproite 
estimates  are  T(01-Spl)=l  120  °C  and  T(Cpx-Phl)  =  1 100-1200  °C.  and  f02=NNO.  The  Lyzhnaja  pipe  mafic 
lamproites  have  T(Cpx-Phl)=790-900  °C,  T  (01-Spl)=  650  °C.  fO2=NNO-0.5  lg.un.  The  Lomam  ultrapotassic 
ultramafic  rocks  have  melt  inclusion  homogenisation  temperatures  ranging  from  1050  to  1230  °C  T(01-Spl)=900 
°C.  and  f02=NNO+l  lg.un. 

Geochemistry  and  isotope  compositions 

The  Central  Aldan  miaskitic  lamproites  have  more  primitive  composition  than  those  of  the  Murun  and  Molbo 
agpaitic  lamproites,  and  the  latter  are  relatively  enriched  in  HFSE,  LREE  and  LILE.  Mantle-normalised  trace 
element  patterns  for  all  Aldan  lamproites  exhibit  the  negative  Ta-Nb,  Zr-Hf  and  Ti  anomalies  (Fig.  2).  In  a  plot  of 
Nb/Th  versus  Nb  the  lamproites  fall  within  the  field  of  island  arc  basalts  (IAB).  The  Aldan  lamproites  have  higher 
eSr  and  lower  eNd  than  the  present  day  bulk  earth  and  they  plot  in  the  enriched  quadrant  of  the  8Sr-eNd  diagram, 
exhibiting  a  sub-vertical  trend  (Fig.  3)  which  coincides  with  that  of  the  Wyoming  and  Montana  lamproites.  This 
suggests  the  Aldan  lamproites  contain  a  contribution  from  old.  LREE-enriched  lithospheric  mantle  with  a  Nd 
model  age  NdT(Dm)  in  the  range  1.81  to  2.21  b.a.  for  the  Central  Aldan  and  Lomam  lamproites,  and  from  2.55  to 
2.66  b.a.  for  Murun  and  Molbo  lamproites.  Sr  model  ages  SrT(Ur)  for  all  Aldan  lamproites  range  from  233  m.a.  to 
1262  Ma.  The  Aldan  lamproites  have  similar  age  corrected  Pb  isotopic  ratios  to  other  anorogenic  potassic  rocks  in 
that  they  plot  to  the  left  of  the  geochron  in  a  207Pb/204Pb  versus  206Pb/204Pb  diagram.  They  extend  from  the 
field  of  South  African  Group  II  kimberlites  (207Pb/204Pb  =  15.47,  206Pb/204Pb  =  17.42)  to  the  field  for  the 
unradiogenic  Smoky  Butte  lamproites  (207Pb/204Pb  =  15.25,  206Pb/204Pb  =  16.77).  208Pb/204Pb  values  are  also 
unradiogenic  and  span  the  range  37.18  -  38.08.  These  unusually  unradiogenic  Pb  isotope  ratios  require  a  mantle 
source  characterised  by  long-term  relatively  low  U/Pb  and  Th/Pb  values. 

Discussion  of  magma  sources. 

The  mineralogy  and  depths  of  mantle  source  regions  for  the  Aldan  lamproites  have  been  inferred  on  the  basis  of 
their  primary  melt  compositions  in  relation  to  high-pressure  phase  diagrams  from  Foley  (1986,  1993),  and 
Wallasse  &  Carmichael  (1989)  Fig.  3.  Primary  melt  compositions  have  been  estimated  using  appropriate  olivine- 
melt  equilibria:  Fo93-94.4,  Kd=0.28-0.29,  and  f02  conditions  defined  by  Irvine  (1979)  and  Ghiorso  and 
Carmichael  (1980).  The  primary  melts  of  both  agpaitic  and  miascitic  lamproites  are  enriched  in  MgO  (14-22.6 
wt.%),  K20  (3. 6-8. 6  wt.%),  Si02  (45.6-52.3  wt.%)  and  depleted  in  Na20  (0.8-1. 6  wt.%  ).  They  plot  near 
peritectic  points  of  Phi,  En,  Fo  at  30-55  kbar  (fig. 3)  suggesting  that  the  Aldan  lamproites  are  small-degree  partial 
melts  derived  from  the  vicinity  of  the  mechanical  layer  of  the  Aldan  lithospheric  mantle.  The  composition  of  the 
Cental  Aldan  primary  melts  plot  near  the  peritectic  points  of  Phi,  Di,  Fo  phases  at  30-55  kbar  and  inside  the  Di 
phase  field..  The  agpaitic  primary  melts  lie  along  the  Fo-Phl  cotectic  at  20-45  kbar  outside  the  Di  field.  These  data 
suggest  that  mantle  source  for  the  Central  Aldan  miascitic  lamproites  was  phlogopitic  Iherzolite  that  melted  under 
a  slightly  elevated  C02  pressure,  whereas  the  source  for  the  agpaitic  lamproites  was  phlogopite  harzburgite  that 
melted  under  predominantly  H20  pressure.  The  inferred  depleted  character  of  the  Archean  lithospheric  mantle  of 
the  Olekma  and  Timpton  Archaean  block  is  consistent  with  the  quite  voluminous  abundance  of  mafic  rocks 
(including  komatiites)  in  both  blocks  relative  to  the  Central  Aldan  block. 

Based  on  the  experimentaly  determined  Ti-saturation  levels  in  basaltic  melts  (Green  and  Pearson,  1986;  Ryerson 
and  Watson,  1987),  the  marked  relative  HFSE  depletion  in  the  Aldan  lamproites  is  unlikely  to  be  due  to  the 
presence  of  a  residual  Ti-bearing  phase  during  melt  generation  and  melt  ascent  through  the  lithosphere  during  the 

340 


Mesozoic.  The  Ti-saturation  cqulibria  temperatures  for  the  Aldan  ultramafic-mafic  primary  melts  at  40-50  kbar 
and  fO:=  NNO  are  ~900-950°C  which  is  much  lower  than  their  liquidus  temperature  (1230-1245°C).  Thus  the 
Aldan  lamproite  HFSE  depletion  reflects  that  of  the  Aldan  lithospheric  mantle.  In  accordance  with  the  NdT(DM) 
age  data  the  HFSE  depleted  character  of  the  Aldan  lithospheric  mantle  may  have  developed  contemporaneous  with 
the  Archaean  cratonization  (-2.85  b.a.)  during  widespread  granite-gneiss  development  in  the  Olckma  granite- 
greenstone  block,  or  alternatively,  contemporaneous  with  the  Early  Proterozoic  reactivity  process  (2.05-1.95  b.a.) 
that  produced  extensive  collisional  granite-gneiss  magmatism  and  amphibolite  grade  metamorphism  within  the 
Central  Aldan  and  Timpton  Block  areas. 

The  Late  Archaean  or  Early  Proterozoic  subcontinental  mantle  of  the  Aldan  shield  was  inhomogencouslv  enriched 
by  fluids  characterised  by  high  LREE/HFSE  and  LILE/HFSE  ratios,  and  subsequently  between  the  Upper 
Proterozoic  and  Upper  Mesozoic  the  mechanical  layer  of  this  mantle  was  enriched  mainly  in  LILE  with  a  low 
Rb/Sr  ratio.  Any  potential  influence  of  a  high-Ti  hot  asthenosphcric  source  component  was  restricted  due  to  the 
Early  Proterozoic  and  Mesozoic  collisional  setting  of  the  Aldan  shield.  The  Aldan  lamproite  melt  generation  was 
initiated  by  decompression  of  the  lithospheric  mantle  in  the  deep  levels  of  its  mechanical  layer  after  reducing  the 
Mesozoic  collisional  stress. 


Lamproite  occurences:  1-Central  Aldan  area,  2-  Chompolo,  i-Murun 


naassit  4-Molbo  river,  5-  Lomam 


massif 
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Introduction 

The  Letter  Devonian  eruptive  magmatism  of  the  Archangelsk  region  is  represented  by  Group  I  and  II 
kimberlites,  melilitites  and  basaltoides  that  occur  within  the  Winter  Cost  volcanic  field  situated  to  the  north-east 
from  the  Archangelsk  city  and  by  olivine-nephiline  melilitites  of  the  Nenoksa  volcanic  field  at  the  Onega 
peninsula.  Sablukov  (1990)  made  out  two  petrochemical  series  in  the  Archangelsk  alkaline-ultramafic  rocks:  (1)  an 
aluminum  series  (AL)  consisting  of  richly  diamondiferous  mica  kimberlites,  olivine  melilitites,  olivine-nephiline 
melilitites;  (2)  a  ferrous-titanium  series  (Fe-Ti)  consisting  of  poorly  diamondiferous  Group  I  kimberlites  and 
melilite  picrites.  Mahotkin  et  al  (1993a,  1993b)  noted  the  petrography  and  geochemistry  similarity  of  the 
Archangelsk  mica  kimberlites  with  Group  II  kimberlites  from  South  Africa  and  speculated  that  magmas  of  the 
AL  and  Fe-Ti  series  rocks  were  derived  from  old  lithospheric  and  asthenospheric  mantle,  respectively. 

Geological  setting 

The  Winter  Cost  and  Nenoksa  eruptive  fields  are  located  within  the  Archangelsk  extension  tectonic  zone 
oriented  in  N-E  direction  after  Sinitsyn  et  al  (1982)  and  situated  to  the  places  where  this  tectonic  zone  intersects 
with  both  the  Middle  Rifean  buried  graben  flanks  and  Archaean  greenstone  belts.  The  Winter  Cost  eruptive  field 
has  zonal  structure  of  intruding  of  the  AL  and  Fe-Ti  series  rocks.  The  Fe-Ti  series  rocks  and  tholeiitic  basalt 
pipes  occur  within  the  buried  Leshukonskiy  graben  after  Konstantinovsky  (1977)  mostly  in  its  central  part  but  AL 
series  rocks  and  shoshonite  pipes  occur  in  the  ring  peripheral  part  of  the  Winter  Cost  field.  The  richly 
diamondiferous  pipes  making  up  Zolotitskiy  cluster  are  situated  to  the  northern  shoulder  of  the  Leshukonskiy 
graben  close  to  central  part  of  the  Archaean  Kola  craton. 

Geochemistry 

Representative  analyses  of  whole-rock  and  autolith  chemistry  from  the  Winter  Cost  (1-10)  and  Nenoksa  (11) 
eruptive  field  pipes  are  presented  in  Tabl.l. 

Mica  kimberlites  are  ultrapotassic  (K20/Na20=2-5)  alkaline-ultramafic  rocks  (tabl.,anl,2).  They  are  mainly 
feldspatoid-normative  (up  to  3%  Ne,  2%  Lc,  12%  Ks).  Among  autolithic  breccia  of  the  Karpinskiy-I  pipe  there  are 
autoliths  (tabl.,  an.3)  which  are  extremely  enriched  in  K20  (K20/Na20=12),  Ba,  Rb  and  depleted  in  CaO.  They  are 
perpotassic  with  molar  K20/A1203=1.3  and  peralkaline  Lc-  (up  tp  10%),  Ac-normative  rocks  with  molar 
K20+Na20/Al203=1.5  so  they  should  be  identified  as  lamproites. 

Olivine  melilitites  are  subdivided  into  two  varieties  on  nephiline  and  mica  abundance.  Olivine-phlogopite 
melilitites  from  Chidvia  pipe  and  Verhotinskoiy  cluster  pipes  are  sodium-potassic  (K20/Na20=~l.  1),  Ne- 
normative  (up  to  3-9  %)  alkaline  ultramafic  rocks  (tabl,an.4).Melilite  occurs  as  groundmass  phase  (up  to  30 
vol%).  Some  of  these  rocks  are  poorly  diamondiferous.  In  compare  to  typical  melilitites  they  are  depleted  in  CaO 
(up  to  4-8  wt  %)  that  is  accompanied  by  clinopyroxene  lack.  Weakly  crystallized  clinopyroxene  in  the  fine  grain 
groundmass  of  the  Chidvia  pipe  melilitites  are  established  only  by  X-ray  diffraction  methods.  Nephiline-olivine 
melilitites  from  Izhma  and  Onega  peninsula  pipes  are  sodium  (K20/Na20=0.2-0.8)  ,  Ne-normative  (11-18  wt%) 
alkaline  ultramafic  rocks  (tabl.,  an. 5,  11).  Nephiline  and  clinopyroxene  occur  as  groundmass  phases  in  Izhma  pipe 
melilitites  and  as  phenocryst  and  groundmass  phases  in  the  Onega  peninsula  pipes. 

Group  I  kimberlites  and  melilite  picrites  of  the  Fe-Ti  series  are  ultramafic  rocks  depleted  in  alkalies  and  CaO 
but  having  high  ultrapotassic  ratio  as  K20/Na20=2-7  (tabl,  an.2,7).  They  have  no  feldspatoid  norms  and  most  of 
them  are  corundum-normative  (up  to  4%  Co). 

Basaltoides  are  richly  glass  rocks.  Among  them  there  are  two  series  rocks  :  (1)  Qz-normative  (5-7  %)  tholeiitic 
basalts  (tabl,  an. 8)  after  of  Irvine  &  Baragar  (1971)  with  K20/Na20=0.7-0.9  but  belonging  to  high  K-series  using 
diagram  of  K20  vs  silica  after  of  LeMaitre  et  al  (1989)  and  (2)  subalkaline  basalts  and  basaltic  trahyandesites  of 
shoshonite  series  (tabl.,  an9,10). 

Compatiblle  trace  element  concentrations  (Ni,Co,Cr)  in  mica  kimberlites  and  melilitites  of  the  AL  series  are 
typical  for  the  similar  rock  types  but  the  Fe-Ti  series  rocks  are  extremely  enriched  in  Ni  (800-1800  ppm),  Co  (73- 
300  ppm)  and  Cr  (1460-3500  ppm)  that  are  similar  to  those  in  majmechites  and 
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Tabl. 


N 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

sample 

1490 

66 

66 

748 

3002 

3215 

711 

767 

882 

707 

21B 

1017 

247-3 

395-3 

120 

100-1 

160-1 

226 

387-2 

302.4 

A-l 

45 

Si02 

35.44 

40.72 

44.55 

46.10 

40.74 

35.47 

43.1 

48.40 

50.90 

55.35 

38.03 

Ti02 

1.08 

1.19 

1.30 

0.97 

0.88 

2.18 

3.54 

1.61 

0.96 

1.49 

0.86 

ALO3 

3.10 

2.80 

4.20 

5.40 

5.80 

2.07 

5.65 

15.15 

13.74 

14.16 

10.86 

Fe203 

4.50 

5.10 

4.55 

6.35 

9.25 

10.08 

8.29 

10.30 

8.23 

8.36 

6.23 

FeO 

4.16 

3.01 

2.42 

3.15 

- 

- 

3.59 

- 

- 

- 

3.57 

MnO 

0.15 

0.16 

0.18 

0.19 

0.21 

0.28 

0.12 

0.19 

0.12 

0.16 

0.34 

MgO 

31.00 

25.93 

28.93 

19.54 

21.51 

34.08 

22.77 

9.00 

11.11 

7.88 

15.37 

CaO 

6.64 

5.98 

1.32 

8.12 

9.26 

1.25 

3.18 

8.50 

1.61 

1.43 

8.37 

Na20 

0.41 

0.68 

0.43 

1.36 

2.41 

0.10 

0.16 

1.70 

0.60 

1.90 

3.65 

k2o 

2.05 

1.21 

5.05 

1.50 

1.75 

0.39 

0.22 

1.30 

2.20 

6.30 

0.75 

p2o5 

0.65 

2.05 

0.53 

0.82 

0.47 

0.34 

0.94 

0.14 

0.17 

0.53 

0.49 

h2o- 

0.29 

4.23 

1.65 

3.08 

0.0 

0.0 

0.0 

h2o+ 

7.00 

9.19* 

7.04* 

1.17 

5.62 

12.60** 

4.22 

4.60 

9.74 

2.8 

11.38** 

co2 

2.37 

0.87 

0.10 

0.52 

0.39 

0.29 

<0.10 

<0.10 

<0.10 

Total 

98.84 

98.99 

99.97 

99.42 

99.94 

98.84 

99.15 

100.99 

99.48 

100.46 

99.90 

mg  0.15  0.884 

0.874 

0.899 

0.811 

0.839 

0.884 

0.806 

0.663 

0.755 

0.682 

0.772 

Ni 

1180 

1100 

940 

495 

646 

1300 

1180 

69 

68 

75 

81 

Co 

69 

55 

47 

61 

60 

119 

73 

56 

40 

61 

40 

Cr 

1030 

630 

670 

855 

800 

2800 

2330 

129 

159 

148 

174 

Ba 

1040 

762 

2225 

830 

200 

443 

970 

88 

20 

<20 

270 

Sr 

600 

1007 

675 

354 

492 

216 

254 

418 

224 

197 

310 

Rb 

86 

55 

137 

46 

29 

20 

11 

8.8 

11.5 

62 

13 

Th 

5.1 

3.9 

4.4 

10 

1.0 

8.9 

21.3 

0.93 

2.24 

2.1 

1.0 

Nb 

38 

58 

58 

37 

10 

80 

137 

6 

8 

5 

9 

Ta 

3.6 

2.7 

2.6 

2.3 

0.5 

12.2 

14.5 

0.74 

0.47 

0.9 

0.6 

Zr 

134 

130 

156 

90 

65 

131 

214 

103 

109 

106 

80 

Hf 

4.0 

3.6 

4.5 

2.3 

1.8 

3.0 

5.1 

2.32 

2.32 

.2.9 

2.4 

Y 

19 

20 

23 

19 

16 

14 

24 

19 

21 

22 

15 

La- 

51.1 

49.0 

54.4 

44.2 

11 

62 

32.8 

7.5 

13.7 

20 

10.3 

Ce 

87.1 

82.2 

95.9 

74.4 

113 

73.8 

14.7 

14.7 

28.4 

59 

21..  9 

Nd 

34.8 

26.9 

34.4 

33 

9.7 

33 

31 

9.0 

32.0 

53 

11.0 

Sm 

6.3 

5.7 

6.9 

5.8 

2.03 

5.7 

6.7 

3.33 

5.6 

11 

2.5 

Eu 

1.5 

1.4 

1.6 

1.8 

0.6 

1.15 

1.8 

0.94 

1.47 

3.8 

0.8 

Yb 

1.2 

1.3 

1.3 

1.1 

1.2 

0.71 

1.8 

1.58 

1.13 

2.4 

1.5 

*-LOI  expressed  as  H20+  and  H20-  sum;  **-total  LOI 

N  1-8,  11  alkaline-ultramafic  rocks;  Aluminum  series  (AL) :  pipe  N  1-Pionerskaja  (mica  kimberlite); 

2,  3-  Karpinskiy-I  (2-mica  kimberlite, 3 -larriproite);  4-Chidvia  (olivine  melilitite);  5-Izhma  (olivine 
melilitite);  Ferrous-titanium  series  (Fe-Ti)  :  pipe  N  6-Anomaly  693  (  group  I  kimberlite),  7-Anomaly  651  (melilite 
picrite);  N  8-10  basaltoides:  8-Anomaly  721  (tholeiitic  basalt  of  high  K  series),  9-Anomaly  753  (basalt  of 
shoshonite  series),  10-Anomaly  707  (basaltic  trachyandesite  of  shohonite  series); 

N  11-Lyvozero  pipe,  Onega  peninsula. 

comatiites.  Group  I  and  II  kimberlites,  olivine  melilitites  and  melilite  picrites  are  strongly  enriched  in  LREE  and 
have  similar  REE  patterns  and  variable  La/Yb  ratios  which  are  equal  respectively  to  27-154;  21-60;  20-66;  11-87. 
Olivine-nephiline  melilitites,  shoshonoites  and  tholeiitic  basalts  are  moderate  enriched  in  LREE  and  their  La/Yb 
ratios  are  respectively  6. 1-7.5;  6.6-8. 1;  3.2-4. 1. 

Distributions  of  large-ion  lithophile  elements  (LILE)  and  high-field  strength  elements  (HFSE)  show  that  some 
autoliths  of  mica  kimberlites  enriched  in  apatite  from  Karpinskiy-I  and  Lomonosovskaja  pipes  are  ocean-island 
basalts  (OIB)  -source  type  magmas.  The  mica  kimberlites  from  Pionerskaja  pipe  and  lamproite  type  autoliths  from 
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Karpinskiy-I  pipe  are  enriched  in  LILE  comparatively  to  OIB  and  have  slight  HFSE/LREE  negative  anomalies. 
The  olivine-phlogopite  melilitites  have  trace  element  patterns  which  are  similar  to  those  of  mica  kimberlites  from 
the  Pionerskaja  pipe.  The  olivine-nephiline  melilitites  and  tholeiitic  basalts  have  similar  trace  element  patterns 
depleted  in  LILE,  HFSE  and  LREE  relative  to  average  OIB  after  Sun  (1980).  Shoshonites  have  clearly  expressed 
negative  HFSE/LILE  and  HFSE/LREE  anomalies  that  indicate  the  contribution  of  a  lithosphere  source  component 
to  their  magmas.  Group  I  kimberlites  and  melilite  picrites  have  similar  trace  element  patterns  which  are 
extreamly  enriched  in  Ba,Th,Ta,Nb  and  LREE  compared  to  average  OIB  and  have  negative  anomalies  of 
(K/Nb)N=0. 1-0.3  and  (K/Rb)N=0.3-0.4  relative  to  those  of  OIB. 

Isotope  composition 

Sr  and  Nd  isotope  composition  of  the  Archangelsk  eruptive  rocks  are  shown  in  an  ENd-ESr  diagram  (fig.l).  All 
rocks  types  have  similar  Sr  isotopic  composition  which  vary  from  0  to  +30  whereas  they  have  variable  Nd  isotope 
composition  ranging  from  ~0 
and  +3  for  Group  I  kimberlites, 
melilitite  picrites  and  tholeiitic  +] 

basalts  and  fall  down  to  -12  for 
olivine-nephiline  melilitites.  H 

Zero  figures  of  eNd,  combined 
with  elevated  La/Yb  ratios,  H 

indicate  that  the  source  of  Group 
I  kimberlites  and  melilite  t 

picrites  was  either  isotopicaly-  Sjsd 

homogeneous  thermal  layer  of 
the  lithosheric  mantle  or 
asthenosheric  mantle  both  of 
which  were  enriched  in  LREE 
and  probably  HFSE  shortly 
before  magmatism.  Nd  model 
ages  NdT(CHUR)  of  Fe-Ti  series 
rock  source  regions  are  equal  to 
Lower  Paleozoic  (0.38-0.36 
B.a.).  The  Nd  model  ages  for  the 
other  alkaline-ultramafic  rocks 
range  from  0.5  B.a.  to  1.6.  B.a. 
indicating  that  soure  region  of 
the  olivine-nephiline  melilitites 
was  ancient  mainly  LREE 
enriched  lithospheric  mantle  and 
its  Nd  model  age  coincides  exactly  with  the  age  of  Upper  Proterozoic  rifting  and  basaltic  magmatism.  Shohonites 
have  elevated  esr=~+70  and  variable  NdT(CHUR)=  0.299-0.855  B.a.  They  were  contaminated  by  a  young  upper 
crust  material. 

Discussing  of  magma  sources  and  primary  melts. 

Primary  melts  compositions  have  been  calculated  using  appropriate  olivine-melt  equlibria:  olivine  Fo93  and 
Kd=0.29  for  mica  kimberlites  and  melilitites;  and  olivine  Fo92  and  Kd=0.31  for  Fe-Ti  series  rocks  and  basaltoides. 
The  mica  kimberlites  and  olivine-phlogopite  melilitites  have  very  similar  primary  melts  which  were  generated 
within  low  horizon  of  the  mecanical  layer  of  the  old  lithospheric  mantle  as  result  of  low  portion  melting  close  to 
peritectic  point  of  the  phologlpite  lherzolite  under  variable  CO/H20  ratio  in  fluids  at  pressure  60  and  50  kbar, 
respectively.  Primary  melts  of  Group  I  kimberlites  and  melilite  picrites  have  very  high  MgO  concentrations 
ranging  from  20  to  27  wt%.  These  melts  and  tholeiitic  basalt  primary  melts  were  generated  as  result  of  high 
(20%)  portion  melting  of  the  free-phlogopite  harzburgite  in  the  “dry” reduced  environment  at  the  pressure  50-60 
kbar  and  40  kbar  and  probably  at  1600-1700  and  -1400  °C,  respectively. 

Mantle  sources  of  diamondiferous  mica  kimberlites  and  olivine-phlogopite  melilitites  were  formed  by  mixing  of 
asthenospheric  and  lithospheric  source  components  with  additional  input  of  LILE  and  LREE  shortly  before 
magmatism  as  a  result  of  plume-lithosphere  interaction.  Mantle  plume  head  was  incubated  under  the  thick 
lithosphere  of  the  Archangelsk  region  yielding  erosion  of  the  lithosphere  base  by  thermal  expansion  of  hot  plume¬ 
generated  melts  and  by  thermal  mobilization  of  low-temperature  melt  fractions  within  the  lithosphere. 
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EPOCHS  AND  CYCLES  OP  DIAMOND  GENESIS  IN  CRATONS  AND  MOBILE 
BELTS. 


Mai  'kov1  ,BeA. ,  Holopova1 ,E.B. 

l .  Institute  of  Geology,  Komi  Science  Centre  of  the  Ural  divi¬ 
sion,  Russian  Acad.  Sci.,  Syktyvkar,  I676IO,  Russia 

The  diamond  genesis  in  the  lithosphere  took  place  during 
the  last  16  cosmic  tectonic  cycles  (CTC)  from  3300  m.y.  ago 
till  now.  The  synphase  episodes  of  the  mantle  diamond  genesis 
in  different  cosmic  tectonic  cycles  are  grouped  into  four  typi¬ 
cal  homological  rows  with  periodisity  of  215  m.y.  Thus  the  ec  - 
logitic  paragenesis  from  the  Premier  diamonds  is  1150+60  m.y. 

(6  CTC),  the  same  paragenesis  in  the  Pinsch  and  A r gyle  diamonds 
-  1580+50  m.y.  (8  CTC),  the  peridotitic  paragenesis  in  the  Kim¬ 
berley  and  Pinsch  diamonds  -  3300  m.y.  (16  CTC).  They  make  up 
the  first  homological  row  which  corresponds  to  one  phase  (t:T  = 
140:215)  in  the  cosmic  tectonic  cycle  (Table  1).  The  second  ho¬ 
mological  row  (t:T  =  120:215)  includes  the  diamond- bearing  gnei¬ 
sses  in  the  Kokchetav  massif  -  530+7  m.y.  (3  CTC),  the  diamond¬ 
bearing  eclogites  from  the  Udachnaya  pipe  -  2670  m.y.  (13  CTC), 
the  unknown  paragenesis  diamonds  from  Arkansas  -  3100  m.y.  (15 
CTC)  and  the  peridotitic  paragenesis  in  the  Pinsch  diamonds  - 
3320+20  m.y.  (16  CTC).  The  third  homological  row  (t:T  =*  91:215) 
includes  the  eclogitic  paragenesis  in  the  Orapa  -  990+50  m.y. 

(5  CTC)  and  the  Premier  diamonds  -  1 1 98+1 4  m.y.  (6  CTC)  and  the 
diamond- bearing  eclogites  from  the  Roberts  Victor  pipe  -  2700 

m. y.  (13  CTC).  The  fourth  homological  row  (t:T  =  6:215)  inclu  - 
des  the  diamond-  and  coesite-bearing  eclogites  from  the  Dabie 
Shan  mobile  belt  -  209+2  m.y.  (1  CTC)  and  the  zircon-bearing  di¬ 
amonds  from  the  pipe  in  Zaire  -  636+22  m.y.  (3  CTC). 

It  is  remarkable  that  epochs  of  the  mantle  diamond  genesis 
coincide  in  the  age  and  phase  of  the  cosmic  tectonic  cycle 
with  the  epochs  of  the  high-grade  metamorphism  in  the  Earth fs 
mobile  belts  (Table  1). 
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Table  1 .  Epochs  and  cycles  of  diamond  genesis 


M2 


Absolu- !  Inclusion-bearing  diamonds  and  dia  - 
te  age, !  mond-bearing  rocks  of  different  para* 
m.y.  !  genesis  and  their  locations 


Phase  !CTC 
of  CTC !  N2 
t  :  T  ! 

? 


1 

3320+20 

Peridotitic  diamonds  from  the  Pinsch 
pipe,  the  Kaapvaal  craton:  Sm-Nd  model 
age  (Lowry  et  al.,1993) 

120:215 

16 

2 

3300+200 

Peridotitic  diamonds  from  the  Pinsch 
and  Kimberley  pipes,  the  Kaapvaal  cra¬ 
ton:  Sm-Nd  model  age  (Richardson  et 
al.,1984) 

140:215 

16 

3 

3100 

Diamonds  of  unknown  paragenesis  from 
the  pipe  in  Arkansas,  USA:  Ar-Ar  model 
age  (Melton, Giardini, 1980) 

125:215 

15 

4 

2700 

Diamond-bearing  eclogites  from  the  Ro¬ 
berts  Victor  pipe,  the  Kaapvaal  craton: 
Sm-Nd,  Rb-Sr,  Pb-Pb  methods  (Jacob  et 
al.,1993) 

95:215 

13 

5 

2670 

Diamond- bearing  eclogites  from  the  Ud- 
achnaya  pipe,  the  Siberian  craton:  Sm- 
Nd,  Rb-Sr,  Pb-Pb  methods  (Jacob  et  al.t 
1993) 

125:215 

13 

6 

2000 

Diamonds  of  unknown  paragenesis  from 
the  Kimberley  pipe,  the  Kaapvaal  cra¬ 
ton:  U-Pb  age  (Kramers, 1979; 

150:215 

10 

7 

1 580+50 

Eclogitic  diamonds  from  the  Pinsch 
pipe,  the  Kaapvaal  craton:  Sm-Nd  mo  - 
del  age  (Richardson  et  al.,1990) 

140:215 

8 

8 

1 580+60 

Eclogitic  diamonds  from  the  Argyle 
pipe,  the  Kimberley  craton:  Sm-Nd 
model  age  (Richardson, 1986) 

140:215 

8 

9 

1198+14 

Eclogitic  diamonds  from  the  Premier 
pipe,  the  Kaapvaal  craton:  Ar-Ar  la¬ 
ser-probe  dating  (Philips  et  al., 

1989) 

92:215 

6 

10 

1150+60 

Eclogitic  diamonds  from  the  Premier 
pipe,  the  Kaapvaal  craton:  Sm-Nd  mo¬ 
del  age  (Richardson, 1 986) 

140:215 

6 

11 

990+50 

Eclogitic  diamonds  from  the  Orapa  pi¬ 
pe,  the  Kaapvaal  craton:  Sm-Nd  model 
age  (Richardson  et  al.,1990) 

88:215 

5 

12 

636+22 

Zircon-bearing  diamonds  of  unknown  pa- 

9:215 

3 

ragenesis  from  the  pipe  in  Zaire,  the 
Congo  craton:  U-Pb  age  (Kinny, Meyer, 1994) 
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Table  1 .  Epochs  and  cycles  of  diamond  genesis 
(continuation) 


N^NS !  Absolu-!  Inclusion-bearing  diamonds  and  dia  -  !  Phase  !CTC 

!  te  age,!  mond-bearing  rocks  of  different  para-  !  of  CTC!  N2 
!  m.y.  !  genesis  and  their  locations  !  t  :  T  ! 

f ! ! ! 


13 

628+21 

Zircon- bearing  diamonds  of  unknown  pa- 
ragenesis  from  the  pipe  in  Zaire,  the 
Congo  craton:  U-Pb  age  (Kinny, Meyer, 
1994) 

17:215  3 

14 

530+7 

Diamond-bearing  gneisses  from  the  Kok- 
chetav  massif,  Kazakhstan:  U-Pb  age 
(Claoue-Long  et  al.,1991) 

115:215  3 

15 

209+2 

Diamond-bearing  eclogites  from  the  Da- 
bie  Shan,  China:  U-Pb  age  (Ames  et  al., 
1993) 

6:215  1 

The  idea 

of  the  cosmic  tectonic  cycle  is  universal.  The  pe- 

riod 

(T)  of 

the  harmonic  vibration  of  the  Earth-Moon 

system  is 

constant  (~215  m.y.).  The  synphase  events  of  the  volcanic  and 


metamorphic  activities  are  geo dynamic ally  predetermined •  They 
happen  at  definite  moments  of  time  (t)  from  beginning  of  each 
cosmic  cycle  (Mai fkov, 1 994) o 

Each  dated  episode  of  the  diamond  genesis  corresponds  to  a 
certain  homological  row.  Hence  w©  can  prognosticate  the  absolu¬ 
te  age  and  phase  of  the  cycle  of  the  vacant  episodes  of  the  di¬ 
amond  genesis  in  such  rows. 
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THE  STRUCTURE  OF  CONSOLIDATED  CRUST  OF  THE  YAKUTIAN  DIAMONDIFEROUS 
PROVINCE  -  NORTHERN  PART:  EVIDENCE  FROM  GEOPHYSICAL  INVESTIGATIONS 

A.V.  Manakov 

“Almazy  Rossii-Sakha”  Co.  Ltd. 

Investigations  occupied  the  northern  Yakutian  province,  Anabar  and  Olenyok  River  basins. 
Within  this  area  fifteen  Middle  Paleozoic  and  Mesozoic  kimberlite  fields  are  found.  Deep  seismic 
sounding  and  volume  gravitational  modelling  were  used  to  study  the  lower  crustal  horizons  and  upper 
consolidated  crust,  respectively.  The  compilation  of  a  gravitational  model  implied: 

1.  Calculation  of  the  depth  of  occurrence  of  top  and  bottom  interfaces,  their  angle  and  excess 
density  by  assuming  that  any  object  of  abnormal  gravity  can  be  considered  as  a  block  limited  by  oblique 
steps. 

2.  Construction  of  the  map  for  volume  distribution  of  density  heterogeneities. 

3.  Testing  of  the  model  by  comparing  of  calculated  gravitational  effect  and  observed 
gravitational  field. 

These  investigations  allowed  to  reveal  that  the  earth  crust  thickness  of  the  region  ranges  from  37 
to  42  km.  The  thickness  of  its  consolidated  part  decreases  from  38-34  km  within  the  Anabar  anteclise  to 
33-30  km  in  the  Lena-Khatanga  trough.  In  the  center  part  of  the  studied  territory  the  mantle  relief  is 
exhibited  by  a  low-amplitude  trough  that  extends  submeridionally  across  the  whole  area.  Its  width  is  150 
km,  amplitude  -  2  km.  The  trough  coincides  with  the  suture  zone  that  separates  the  Anabar  and  Olenyok 
megablocks.  Trough  boundaries  are  indicated  by  a  change  of  "basaltic"  layer  thickness.  Round  the  trough 
there  are  local  (up  to  200  km)  rises  of  the  Moho's  interface  to  which  the  manifestations  of  kimberlite 
magmatism  relate.  For  the  whole  geological  period  this  most  ancient  and  deep  lithospheric  suture 
controlled  the  movement  of  megablocks.  Along  the  trough  the  Udzha-Khastakh  rift  has  formed  in  the 
Riphean  and  was  repeatedly  activated  in  the  Phanerozoic  (Shpunt,  1992).  The  riffs  spatial  position  and 
history  are  clearly  recorded  by  sedimentary  and  magmatic  rocks  of  different  age.  Their  thickness  and 
areas  of  distribution  were  determined  after  seismic  and  magnetic  data.  Unlike  the  stable  plots  of  cratons 
that  are  characterized  by  thin  platform  sedimentary  sequences,  the  plots  of  strong  tectonic  activity  are 
exhibited  by  multi-kilometer  sedimentary  sequences  which  thickness  varies  spatially  and  temporally. 
Clifford's  rule,  that  excludes  the  localization  of  diamondiferous  kimberlite  in  tectonically  active  zones,  was 
supported  by  fulfilled  investigations.  Kimberlite  fields  are  situated  at  a  distance  of  100  km  from 
intracontinental  paleorift  zone. 

According  to  the  compiled  model  the  territory  is  characterized  by  the  contrasting  change  of  the 
depth  of  crystalline  basement  occurrence.  The  latter  is  exposed  within  the  Anabar  shield  and  submerges  to 
6-8  km  depth  in  the  Lena-Khatanga  trough.  By  the  structure  of  consolidated  crust  several  giant  blocks  are 
recognized:  Anabar-  and  Olenyok  rises,  Lena-Anabar  trough,  Udzha  depression,  and  Muna  block.  The 
boundaries  between  blocks  are  represented  as  extended  steps  of  crystalline  basement  surface  of  1-3  km 
amplitude. 

Depths  to  the  lower  interfaces  of  density  heterogeneities  are  identified  with  the  bottom  of  the 
upper  "fragile"  part  of  consolidated  crust  and  range  from  2  to  20  km,  decreasing  towards  the  Laptev  Sea. 
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Thickness  of  the  upper  crust  changes  in  the  same  manner.  The  plots  of  lowered  thickness  are  of  50-100  km 
size  and  often  join  into  linear  and  arc-like  zones  that  control  the  boundaries  of  basement  blocks.  About 
80  %  of  available  kimberlite  bodies  relate  to  such  plots. 

Based  on  the  studied  density  characteristics  we  succeeded  to  distinguish  and  map  three  units  of 
crystalline  basement  rocks: 

-  granulite  substratum  rocks  weakly  subjected  to  ultra-metamorphism  processes  - 
(2.8-3.0)- 1 03  kg/m3  density; 

-  the  rocks  undergone  the  I  stage  of  ultra-metamorphism  (chamokite-enderbite  assemblage)  - 
(2.7-2.8)-103  kg/m3  density; 

-  strongly  altered  by  ultra-inetamorphism  rocks  of  granite-gneiss  and  granite  assemblages  - 
(2.6-2.8)-103  kg/m3  density. 

The  depth  of  occurrence  of  high-dense  granulite  complexes  reaches  20-30  km.  The  bottom  depth 
of  the  occurrence  of  low-dense  assemblages  is  7-15  km. 

The  zones  of  strongly  altered  rocks  are  manifested  distinctly.  The  zones  of  folding  (diaphthoresis) 
are  distinguished  according  to  density  minimum  and  extend  for  60-300  km  at  20-40  km  width  and  smooth 
to  steep  dip  angles.  Somewhere,  the  linearity  of  zones  is  disturbed  by  across  elements.  Kimberlites 
traditionally  occur  at  the  exocontacts  of  intense  diaphthoresis  zones  tending  to  the  plots  of  their  linearity 
disturbances  inside  blocks  of  (2.7-2.8)103  kg/m3  density. 

Conclusions: 

-  kimberlite  magmatism  is  typical  for  stable  earth  crust  blocks  and  localize  100  km  remotely  from 
intracontinental  paleorifts,  at  the  plots  not  undergone  a  strong  tectono-magmatic  activization; 

-  kimberlite  fields  locate  near  the  slopes  of  mantle  rises  -  along  its  trench-like  trough; 

-  kimberlite  occurrences  relate  to  the  plots  of  abrupt  decrease  of  upper  "fragile"  crust  thickness  up 
to  7-12  km; 

-  kimberlites  are  localized  at  the  exocontacts  of  intense  diaphthoresis  zones,  near  the  plots  of 
those  zones  disturbance,  inside  the  blocks  of  basements  rocks  undergone  ultra-metamorphism  of 
(2.7-2.8)-103  kg/m3  density. 
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PETROLOGY  OF  DIAMONDIFEROUS  MAGMATISM 


Marakushev1  ,A.A.,  Pertsev1  ,N.N.,  Zotov1  ,FA.,  Paneyakh1  ,N.A. 

1.  Institute  of  Geology  of  Ore  Deposits,  Petrology,  Mineralogy  and  Geochemistry 
Russian  Academy  of  Sciences,  b.  35,  Staromonetnyi  per.,  Moscow,  109017, 

Russia 

The  diamondiferous  rocks  in  genetic  aspect  can  be  divided  into  (I)  the  primary 
(the  parental  in  relation  to  diamonds  included)  and  (II)  the  secondary  which 
inherited  the  diamonds  of  the  primary  rocks  during  transformations  of  the  latters. 

I.  The  primary  diamondiferous  rocks  are  presented  by  two  genetic  types: 
a  -  the  depth  ones  connected  by  their  origin  with  the  magmatic  chambers  of  the 
mantle  diamond  facies,  and  b  -  the  shallow  products  of  the  fluid  explosions  of  high 
energy  level  in  ring  structures  (impactogenic) . 

a.  The  depth  diamondiferous  rocks  are  polyfacial  by  their  nature.  The 
diamonds  and  minerals  paragenetic  with  them  form  the  early  (intratelluric) 
generation  of  magma  crystallization  products  in  deep-seated  chambers. 

Crystalization  of  the  minerals  precedes  the  intrusion  of  the  diamondiferous  magmas 
to  higher  levels  of  mantle  and  into  the  earth  crust  where  their  final  solidification 
takes  place.  Diamondiferous  rocks  are  different  by  the  degree  of  intratelluric  cry¬ 
stallization  of  melts  in  deepseated  chambers.  In  some  magmatic  rocks  (dolerites, 
gabbros,  chromite-bearing  peridotites)  diamonds  are  present  in  accessory  quantity 
only  but  in  others  (such  as  eclogites,  garnet  pyroxenites,  pyrope  peridotites)  they  can 
reach  the  economic  significance.  The  diamonds  in  the  rocks  are  presented  by  two 
generations.  The  early  defectless  diamonds  poor  in  nitrogen  form  very  little  crystals 
and  fragments  included  into  rockforming  minerals  and  in  the  bigger  diamond 
crystals  of  the  second  generation.  The  latters  have  defect  structure  and  a  more 
essential  admixture  of  nitrogen  and  other  gases.  They  contain  inclusions  of  the  rock¬ 
forming  minerals  which  define  the  peridotite  and  eclogite-pyroxenite  types  of 
diamonds.  Rare  coexistence  of  two  types  of  paragenesis  (eclogitic  and  peridotitic) 
in  a  diamond  crystal  reflects  the  layering  of  primary  magma  and  movement  of 
growing  crystals  from  one  magmatic  layer  to  the  other. 

The  difference  in  the  fluid  regime  of  the  pyroxenite-eclogite  and  peridotite 
systems  are  traced  in  variations  of  the  isotop  composition  of  the  carbon  of 
diamonds.  The  diamond  of  the  pyroxenite-eclogite  type  is  characterized  by  the 
wide  variations  of  isotope  composition  of  carbon  (S13C,%o)  from  -20  to  +5.  On 
the  contrary,  the  isotope  composition  of  the  peridotite  type  diamond  varies  within 
narrow  diapason  near  813C=5%o  .  This  is  explained  by  different  fluid  regime  of  the 
basic  and  ultrubasic  melts.  The  initial  reduced  transmagmatic  fluids  became  oxi¬ 
dised  in  basic  melts  generating  CO2  which  migrates  in  transmagmatic  fluids  tending 
to  decrease  the  carbon  heavy  isotope  content  in  early  small  crystals  of  diamond. 

The  opposite  tendency  of  increasing  of  513C  is  connected  with  accumulation  of  CO2 
in  the  same  basic  melts  in  next  stage  due  to  transformation  of  the  reaction  of  the 
diamond  formation:  1,5  CH4  +  (CO  -  CO2)  =  3,5  C( diamond) + 3 H2O.  These 
opposite  effects  producing  wide  variation  of  carbon  isotope  composition  of 
diamonds  crystalizing  in  basic  melts,  are  absent  in  the  ultrabasic  magmas  where  the 
initially  reduced  character  of  transmagmatic  fluids  remains  practically  unchanged. 
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This  explains  the  stable  isotopic  carbon  composition  of  the  peridotite  type 
diamonds. 

Many  scientists  (e.  g.  Javoy  et  al.,1986)  called  upon  degassing  of  eclogitic 
melts  (with  CO2  removal)  as  an  efficient  mechanism  for  the  enrichment  in  the  light 
carbon  isotopes.  On  the  basis  of  experimental  data  as  was  expressed  by  Mattey  et 
al.(1990)  uncertain  remaned  only  the  scale  on  which  this  mechanism  can  operate. 
Our  model  overcomes  these  difficulties  because  it  clames  the  continuous  enrichment 
effect  in  the  light  carbon  isotope  due  to  filtering  of  transmagmatic  fluids  through  the 
pyroxenite-eclogite  melts. 

b.  The  origin  of  impactogenic  diamonds  is  explained  by  the  fast  ascent  of 
fluid  plumes  to  the  surface  probably  from  the  core  of  the  Earth.  The  explosions  are 
restricted  by  domes  of  the  platform  basement  and  accompanied  by  increasing  of 
temperature  up  to  very  high  values.  It  induces  the  isochoric  melting  of  rocks  and 
minerals  with  developing  of  the  high  pressure  (by  the  "autoclave  effect")  that  is 
large  enough  for  formation  of  diamond,  coesite  and  stishovite.  Extremely  high 
temperature  of  the  diamond  magmatism  of  this  type  is  proved  by  the  isochoric 
melting  of  the  individual  mineral  grains  (quartz,  plagioclase  and  others)  which  are 
pseudomorphly  replaced  by  melt  of  corresponding  monomineral  compositions 
(diaplect  glasses)  and  formation  of  lonsdeilite  and  chaoite  along  with  diamond, 
lechatelierite  and  maskelynite.  This  endogenic  impactogenesis  is  not  limited  by  the 
shallow  depths  of  the  Earth.  Kimberlite  and  lamproite  tubes  contain  nodules  of  the 
impactly  transformed  (cataclastic  and  partly  melted)  pyrope  peridotites  and  eclo- 
gites.  Amasing  is  the  wealth  of  breccia  structures  of  their  diamond-bearing  rocks, 
which  formed  within  a  broad  range  of  depth.  Some  of  the  breccias  formed  at  the 
diamond  depth  facies  and  consist  of  fragments  of  diamond  and  accompanyed 
minerals,  which  are  included  in  larger  diamond  crystals.  We  think  that  their  origin  is 
connected  with  the  deep  fluid  explosions  in  diamond-bearing  intrusives  which  gene¬ 
rate  the  kimberlite  and  lamproite  magma  chambers. 

Conceivably,  the  origin  of  diamondiferous  magma  chambers  and  their  further 
evolution  is  related  to  impulses  of  rapid  ascent  of  extremely  dence  fluids  from  the 
Earth  core  to  the  upper  mantle.  Being  partly  liquid,  the  core  is  capable  of  retaining 
hydrogen  and  some  other  volatiles  (Marakushev,1992).  These  impulses  of  ascending 
fluid  flows  (mantle  plumes)  resulted  in  explosions  and,  consequently,  seismic  waves. 

II.  Kimberlite  and  lamproite  magmas  belong  to  the  secondary  diamond-bearing 
type.  They  inherit  diamond  mineralization  of  primary  diamond-bearing  pyrope 
peridotites,  pyroxenites  and  eclogites.  The  main  contribution  in  their  genesis  gives 
magmatic  replacement  of  the  diamondiferous  dunites  and  peridotites  by  a  basic 
melts.  The  process  provide  both  ultrabasic  deviation  of  the  magma  and  the 
increase  of  its  alkalinity  as  a  result  of  the  acid-base  interaction  of  the  components  in 
accordance  with  the  Korzhinskii's  principle.  The  magmatic  replacement  appears  to 
be  the  only  possible  mechanism  of  kimberlite -lamproite  genesis  with  inheritence  of 
the  diamond  mineralization  of  the  peridotite-pyroxenite-eclogite  intrusives.  Their 
explosive  intrusion  in  upper  levels  of  the  crust  is  completed  by  the  formation  of  the 
diamondiferous  surface  tubes  (diatrems). 

Eclogite-peridotite  intrusive  bodies  in  the  lower  crust  play  the  role  of  the 
substrate  for  developing  kimberlite -lamproite  magmatism.  It  is  evidenced  by 
developing  kelefitic  rims  around  pyrope  grains  which  demonstrate  moderate 
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(crustal)  pressures.  The  kelefitic  rims  can  be  cut,  broken  and  replaced  by  phlogopite 
which  is  induced  by  kimberlite  magma. 

Peridotite-eclogite  intrusions  bearing  intratelluric  diamond  mineralization  can 
form  the  concordant  bodies  in  the  evgeosinclinal  volcanic-sedimentary  formations. 
Together  with  them  Ih&y  were  deformed  and  subjected  to  granitization, 
migmatization,  aflochttnical  metamorphism,  and  diaphthoresis  with  inheritence  of 
their  diamond  mingfcftlization  by  all  these  metamorphic  products.  Minor  diamond 
crystals  inclused  in  the  rockforming  and  accessory  minerals  of  the  primary 
diamondiferous  rocks  (garnet,  pyroxene,  zircon)  are  well  preserved  whereas  bigger 
grains  of  diamond  suffered  breaking  down  with  formation  "diamond  dust"  of  its 
skeletal  crystals. 

Inclusions  of  primary  diamonds  preserved  in  relict  rock-forming  minerals 
afford  a  unique  opportunity  to  examine  inherited  diamonds,  which  have  almost  not 
been  affected  by  metamorphism.  Examination  of  these  diamonds  (Shukolyukov  et 
al.,1993)  provide  evidence  for  the  mantle  genesis  of  them  in  the  Kokchetav 
metamorphic  rocks.  An  unusually  high  helium  content  of  3He  =  3,17  x  10"7  g/cm3, 
4He  =  5,43  x  IQ"4  g/cm3  was  detected  in  well-preserved  14A  diamond  crystals. 

These  crystals  also  have  unusual  ratio  3He/4He  =  5,84  x  10"4  which  is  one  order  of 
magnitude  higher  then  even  the  values  specific  of  kimberlitic  diamonds.  Because  of 
3He  is  not  accumulated  in  any  natural  earth  processes  these  data  conclusively 
establish  the  mantle  genesis  of  the  diamonds  in  the  Kokchetav  metamorphic  rocks. 

Metamorphic  rocks  show  the  main  specific  features  of  diamond-bearing 
clinopyroxenes:  they  have  elevated  potassium  contents.  Clinopyroxene  that  Occurs, 
together  with  diamond,  as  tiny  euhedral  inclusions  in  garnet  contains  up  tj  0,8  wt  % 
K2O.  This  points  to  the  significant  depths  of  the  mantle  chambers  to  which  the 
Kokchetav  diamondiferous  magma tism  is  related.  The  polyfacial  nature  of  the 
eclogites  and  clinopyroxenites  is  validated  by  the  fact  that  thier  clinopyroxenes  show 
variable  K2O  contents.  To  illustrate  this,  adress  the  data  obtained  from  a 
clinopyroxenite  sample  from  the  KumdykuT  area.  The  garnet  (Mgo^Fe^isCai^. 
Mno^sAlo^Tio^oiS^, 98O12, 00)  contains  tiny  cristals  of  potassium -rich  clinopyroxene 
(Ko;o4Nao’oiCao,9oMgo,86Feo,i8Alo,o506,oo)  whereas  the  clinopyroxene  from 
intergrowth  with  garnet  in  the  rock  matrixis  almost  potassium -free 
(Nao5o iCao^94Mgo,8sFco5i9Alo,o4Sii, 98^6,00  )•  This  demonstrates  specific  compositional 
features  of  clinopyroxenes  from  polyfacial  diamondiferous  rocks.  If  these  rocks  have 
been  affected  by  allochmical  metamorphism,  thier  clinipyroxene  contains  thin 
perthitelike  inclusion  of  potassium  feldspar,  which  are  restricted  mainly  to  the 
crystal  core. 

The  regular  position  of  the  diamond-bearing  metamorphic  complexes  formed 
in  this  way  in  the  system  of  the  so  called  coupled  metamorphic  complexes  is 
determined  by  occuring  them  in  outer  belts  rimming  of  granite-gneiss  domes. 
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P-T  EVOLUTION  OF  PALAEOZOIC  GARNET  PERIDOTITES  FROM  THE  SAXONIAN 
ERZGEBIRGE  AND  THE  AHEIM  REGION,  W  NORWAY. 

Massonne,  H.-J.,  Grosch,  U. 

Inst,  fur  Mineralogie,  Ruhr-Univ. ,  D-44780  Bochum,  F.R. Germany 

Occurrences  of  relatively  fresh  ultrabasic  rocks  as  lenses  in 
quartzof eldspathic  country  rocks  are  known  from  many  places  in 
the  world.  It  seems  to  be  typical  that  the  surrounding  country 
rocks  show  high-pressure  signature  and  that  the  ultrabasic 
lenses  are  accompanied  by  lenses  of  eclogites  and  other  high- 
pressure  rocks.  Examples  are  the  Dabie  Mountains  in  Central 
China  (e.g.  Maruyama  et  al.,  1994)  and  several  areas  in  the 
Palaeozoic  Urals-Mongolian  fold  system  (Sobolev  et  al. ,  1986) 
with  the  noteworthy  Kokchetav  Massif  where  diamondif erous 
quartzof eldspathic  country  rocks  occur  (Sobolev  and  Shatsky, 

1990) .  Furthermore,  there  are  several  places  in  the  Norwegian 
Caledonides  and  Mid-European  Variscides  (Medaris  and  Carswell, 
1990) ,  where  our  case  study  areas  are  situated.  In  order  to 
understand  the  geodynamic  processes  leading  to  the  above 
situation,  our  aim  was  to  decipher  the  P-T  evolution  of  garnet 
peridotites  more  precisely  than  previously  attempted. 

Petrographic  and  analytical  studies  were  initiated  on  samples 
of  various  ultramafic  rocks  from  the  crystalline  complex  of  the 
Erzgebirge,  Germany,  and  from  a  little  portion  of  the  Western 
Gneiss  Region,  Norway,  situated  close  to  the  village  of  Aheim 
north  of  the  Nordfjord.  From  every  case  study  area,  we  selected 
one  sample  that  was  thoroughly  investigated  with  the  electron 
microprobe.  Besides  a  large  amount  of  full  analyses,  many 
obtained  along  profile  lines  and  from  mineral  inclusions,  we 
produced  distribution  maps  of  major  cations  for  the  relevant 
mineral  phases  by  scanning  (see  Massonne,  1992a) .  In  particular, 
the  latter  method  provided  good  information  about  the  changing 
compositions  of  garnet  as  well  as  ortho-  and  clinopyroxene 
during  the  P-T  evolution. 

The  sample  from  the  Saxonian  Erzgebirge  is  from  an  ultramafic 
body  being  a  few  hundred  meters  in  length.  It  occurs  3  km  SW  of 
the  village  of  Seif fen.  The  equigranular  rock  sample  contains 
considerable  amounts  of  fresh  garnet,  orthopyroxene,  clino¬ 
pyroxene  and  amphibole.  The  major  constituent  olivine  is 
moderately  serpentinized.  Cr-spinel  occurs  as  accessory  phase. 

The  sample  from  our  second  case  study  area  in  Norway  is  from  the 
Raudkleivane  ultrabasic  body.  The  sample  locality  is  situated 
less  than  1  km  ENE  of  the  little  village  of  Halse.  The  peridot- 
ite  contains  large  garnets  with  kelyphitic  rims.  In  addition, 
large  grains  of  olivine,  orthopyroxene  and  minor  clinopyroxene 
occur.  Originally,  the  rock  was  probably  equigranular,  but  due 
to  a  penetrative  deformation  the  major  part  of  the  rock  now 
consists  of  a  finer  grained  matrix  mainly  composed  of  fresh 
olivine. 

In  both  samples,  olivine  is  hardly  chemically  zoned  with 
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about  90  mol%  forsterite  component.  However,  pyrope  rich  garnets 
show  significant  zonation  patterns.  In  case  of  the  Erzgebirge,  a 
clear  decrease  of  the  grossular  component  accompanied  by  an 
increase  of  the  Cr  concentration  from  core  to  rim  occurs.  At  the 
outermost  rim,  an  inverse  zonation  can  be  observed.  By  contrast, 
garnet  from  the  Norwegian  sample  is  fairly  homogeneous,  but  a 
zonation  is,  nevertheless,  discernible  by  increasing  Fe  concen¬ 
trations  from  core  to  rim.  Orthopyroxene  shows  an  increase  of  A1 
from  core  to  rim  in  the  Saxonian  sample,  but  a  decrease  of  A1  in 
the  other  sample.  Na  concentrations  decrease  towards  the  rim  of 
clinopyroxene  in  both  samples.  However,  considering  the  calcu¬ 
lated  A1  concentration  for  the  tetrahedral  site,  it  shows  an 
increase  for  the  Saxonian  sample  and  a  slight  decrease  for  the 
other  sample  from  core  to  rim.  This  is  identical  to  the  change 
of  A1  concentrations  in  orthopyroxene. 

Geothermobarometry  was  applied  thereafter  to  derive  P-T 
paths.  Mineral  equilibria  were  calculated  using  the  GeO-Calc 
software  package  of  Brown  et  al.  (1988) .  We  only  considered 
almandine,  grossular  and  pyrope  components  in  garnet,  forsterite 
and  fayalite  components  in  olivine,  enstatite,  ferrosilite  and 
AI2O3  components  in  orthopyroxene  and  diopside,  hedenbergite  and 
CaA^SiOg  components  in  clinopyroxene.  Thermodynamic  data  for 
these  components  were  taken  from  Berman  (1988).  A  few  of  these 
data  were  slightly  modified  by  Massonne  (1992a) .  In  the  corre¬ 
sponding  paper,  complex  solid  solution  models  were  also 
presented  for  garnet  and  clinopyroxene.  Similarly  complex  solid 
solution  models  were  derived  for  orthopyroxene  and  olivine 
considering  various  literature  data.  Data  for  the  AI2O3  component 
in  orthopyroxene  were  taken  from  Massonne  (1992b) . 

Several  equilibria  could  be  calculated  for  distinct  equili¬ 
bration  stages.  For.  example,  we  selected  mineral  core  composi¬ 
tions  to  determine  thereac&mpefeistage .  We  were  able  to  obtain  a 
P-T  range  for  a  particular  event,  because  various  invariant 
points  resulted  from  the  thermodynamic  calculations.  However,  we 
took  into  account  that,  for  example,  pressures  obtained  from  the 
Al  content  in  the  tetrahedral  site  of  orthopyroxene  are  more 
reliable  than  those  from  Al  in  this  site  of  clinopyroxene.  The 
reason  for  that  is  the  less  precise  calculation  method  for  Al  in 
the  tetrahedral  site  of  clinopyroxene,  for  example,  due  to  much 
higher  concentrations  of  jadeite  and  acmite  component  in  this 
mineral . 

Finally,  two  different  P-T  paths  resulted.  In  the  case  of  the 
Aheim  region,  we  deduced  a  pressure  increase  from  about  30  to  36 
kbar  accompanied  by  a  temperature  increase  of  about  100 °C  to 
1050 °C .  This  event  was  followed  by  a  pressure  decrease  to  32 
kbar  with  a  simultaneous  cooling  to  900 °C.  For  the  garnet 
peridotite  of  the  Saxonian  Erzgebirge,  a  pressure  decrease  from 
about  40  kbar  to  25  kbar  accompanied  by  slight  cooling  can  be 
deduced.  At  the  final  stage,  temperatures  somewhat  below  1000°C 
were  reached.  Cr-spinel  formed  at  that  stage  leading  to  a  clear 
Cr  decrease  towards  the  outermost  rims  of  garnet. 
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The  P-T  paths  derived  will  certainly  help  to  understand  the 
mantle  flow  and  other  geodynamic  processes  during  subduction  and 
final  continent-continent  collision.  Because  of  the  lack  of  good 
tectonic  models,  any  interpretation  of  the  P-T  paths  would  be 
highly  speculative.  However,  at  least  with  respect  to  the 
Palaeozoic  situation  of  the  crystalline  complex  of  the 
Erzgebirge,  the  results  for  the  Saxonian  garnet  peridotite 
provide  evidence  against  an  ”in  situ”  model  favoured  by  many 
geoscientists  for  areas  mentioned  here  at  the  very  beginning.  On 
the  contrary,  they  rather  support  the  view  of  Massonne  (1994) . 
Because  of  the  different  P-T  evolution  of  quartzof eldspathic 
country  rocks,  eclogite  and  peridotite  lenses,  the  latter  rocks 
were  tectonically  emplaced  into  the  metaacidites ,  probably  at 
the  base  of  thickened  continental  crust. 
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Synthesis  of  C-H-O  Fluids  at  High  Pressure. 
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C-H-0  fluids  play  an  important  role  in  igneous  processes.  They  determine  the  P,  T  position  of 
the  mantle  solidus  (Taylor  and  Green  1988)  and  influence  seismic  properties.  They  are  also  the 
principal  carriers  for  carbon  in  the  mantle  and  thus  can  be  relevant  for  diamond  formation. 
Fluid  speciations  may  be  calculated  using  numerous  equations  of  state  (EoS),  although  at  high 
P  these  EoS,  and  especially  the  assumption  that  molecules  behave  as  hard  spheres,  become 
increasingly  uncertain.  Thus,  in  an  affort  to  revise  existing  EoS  and  extend  them  to  high  P,  we 
have  synthesized  CHO  fluids  in  equilibrium  with  graphite  at  1000°C  and  2.4  Gpa.  Our  H/O 
bulk  fluid  ratios  ranged  from  1.79  to  about  1330. 

Experiments  were  carried  out  in  a  piston-cylinder  apparatus.  Talc  outer  sleeves  and  boron 
nitride  crucibles  were  used  to  impose  high  hydrogen  and  low  oxygen  fiigacities  around  the 
capsule,  ie.  to  minimize  hydrogen  loss  during  experiment.  Capsule  materials  are  Pt  for 
relatively  oxidized  conditions  (H/O  around  2)  and  Au  for  reduced  conditions  (H/O  >3).  CHO 
starting  materials  are  water,  stearic  acid  (Ci8H3602),  benzoic  acid  (C6H5*C02H)  and  graphite. 
In  some  experiments  fluids  were  internally  buffered  by  metal-oxide  buffers  (SiC-Si02,  IW,  W- 
C-W02,  CoCoO).  Run  times  ranged  from  0,5  h  for  highly  reduced  conditions  (IW),  to  48h  for 
experiments  near  the  water  maximum  (H/O  ~  2).  H20,  C02,  CO,  CH4,  C2H6  and  H2  in  the 
fluids  were  analyzed  by  gas  chromatography  (Ziegenbein  and  Johannes  1977).  Precision  of 
analysis  were  better  than  12%  relative  for  minor  species,  and  6%  relative  for  major  species. 
Typical  fluid  compositions  are  presented  in  Table  1. 


Table  1:  Typical  fluid  compositions  at  1000°C  and  2.4  Gpa  (mole  percent) 


f02  range 

co2 

ch4 

C2H6 

h2 

h2o 

H/O 

H2O-CO2 

6.2 

0.3 

0 

0 

93.5 

1.78 

H20  max 

2.2 

2.3 

0 

0.3 

95.0 

2.00 

H2O-CH4 

0 

22.6 

0.4 

1.6 

75.3 

3.26 

CH4-H2-H2O 

0 

65.4 

1.5 

3.7 

29.3 

11.5 

Fe-FeO 

0 

81.0 

1.9 

5.4 

11.7 

31.7 

SiC-Si02-C 

0 

91.9 

1.9 

5.9 

0.3 

1330 
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xh2o  xh2o 

Experiments  in  #  gold  capsules;  A  platinum  capsules.  Error  bars  indicate  double  absolute  deviation  of 
analysis. 

The  obtained  data  were  compared  with  the  following  equations  of  state: 

1)  ideal  mixing  models:  a)  MRK  id  -  Holloway  (1977,  1981),  where  a(T)  is  a  third  order  polynom  for  C02  and 
H20;  the  b  and  a  parameters  for  hydrogen  are  from  Holloway  (1981)  and  the  b  and  a  parameters  for  C2H6  were 
recalculated  from  Redlich  and  Kwong  (1949);  b)  HP  -  compensated  RK  by  Holland  and  Powell  (1991);  c)  SF  - 
Saxena  and  Fei  (1987)  EoS  with  y  for  H2  obtained  from  Belonoshko  and  Saxena  (1992);  d)  BS-  Belonoshko  and 
Saxena  (1992),  with  recalculations  for  ethane  from  Saxena  and  Fei  (1987);  e)  KJ  id  -  Kerrick  and  Jacobs 
(1981)  model  for  C02,H20,  with  Jacobs  and  Kerrick  (1981)  for  CH4.  Fugacities  for  other  species  were 
recalculated  after  Holland  and  Powell  (1991). 

2)  non-ideal  mixing  for  major  species  (CH4  and  H20): 

a)  MRK  ni  -  MRK  (Holloway,  1977)  with  Flowers’  (1979)  corrections; 

b)  KJ  ni  -  Kerrick  and  Jacobs  (1981);  Jacobs  and  Kerrick  (1981). 

The  results  are  illustrated  in  Fig.  1  to  6.  Values  for  f02  and  fH2  are  calculated  from  H/O  bulk 
fluid  ratios  (Fig.  1  and  2)  usin gMRK  ni..  Fig.3  shows  the  variation  of  H20  with  the  H/O  bulk 
ratio,  with  points  of  the  buffered  exteriments  marked  on  the  curve.  All  EoS  predict  nearly  the 
same  relationship,  so  we  only  superimpose  the  curve  recalculated  from  MRK  ni.  The 
correlation  of  CH4  and  H20  concentrations  in  the  fluid  is  shown  on  Fig. 4.  The  good  agreement 
with  theoretical  models  is  no  surprise  since  H20  and  CH4  are  the  principal  components  of 
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the  fluid.  Fig.  5  illustrates  the  hydrogen  content  of  the  fluid,  and  Fig.  6  the  C2H6  content,  both  as 
functions  of  XH20.  Hydrogen  content  is  slightly  lower  than  predicted  by  any  theoretical 
model,  especially  in  the  range  of  intermediate  water  contents  (f02  around  WCWO),  while 
C2H6  behaves  as  predicted  from  most  MRK  equations.  The  internal  consistency  of  our 
experimental  results,  in  particular  with  respect  to  hydrogen  and  ethane,  suggests  that  chemical 
equilibrium  reached  and  that  quenching  effects  are  negligible. 

Preliminary  conclusions: 

1)  The  best  fit  to  our  experimental  fluid  compositions  is  provided  by  the  relatively  simple  EoS 
such  as  the  MRK  id  and  MRK  ni.  More  complex  models  do  not  seem  to  be  warranted. 

2)  CHO  fluids  are  easily  quenchable  from  high  P  and  T  in  piston-cylinder  apparatuses. 

3)  Our  experimental  setup,  i.e.  gold  capsules  contained  in  boron  nitride  and  surrounded  by  talc 
sleeves,  allows  reliable  control  of  hydrogen  fugacity  during  high  pressure  experiments. 
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DETERMINATION  OF  THE  FERRIC  IRON  CONTENT  OF  DIAMOND  INCLUSIONS  FROM 
GEORGE  CREEK  USING  MOSSBAUER  SPECTROSCOPY  WITH  IMPLICATIONS  FOR 
MANTLE  OXYGEN  FUGACITY  DURING  DIAMOND  GENESIS 
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Inclusions  in  diamond  can  provide  chemical  and  mineralogical  information  about  the  source  region 
and  the  genesis  of  diamond.  Many  tools  are  available  to  obtain  detailed  information  on  major  and 
trace  element  chemical  compositions  of  inclusions,  but  none  are  able  to  distinguish  between 
different  oxidation  states,  for  example  between  Fe2+  and  Fe3+,  which  is  crucial  to  determination  of 
redox  conditions  during  mineral  formation.  An  understanding  of  the  relations  between  redox 
conditions  and  the  thermal,  tectonic,  magmatic  and  metasomatic  evolution  of  the  mantle  is  needed 
to  explain  such  processes  as  diamond  formation  and  kimberlite  magmatism.  Mossbauer 
spectroscopy  is  an  ideal  method  to  distinguish  between  Fe2+  and  Fe3+,  and  can  provide  an 
estimate  of  their  relative  abundances  in  individual  phases.  Normally  experiments  are  performed 
on  samples  with  ca.  1  cm  diameter,  but  a  recently  developed  technique  enables  routine  Mossbauer 
measurements  to  be  performed  on  samples  with  diameters  as  small  as  100  Jim. 

The  technique,  also  known  as  the  Mossbauer  milliprobe,  is  relatively  simple  and  requires  only  a 
small  amount  of  equipment  in  addition  to  a  conventional  Mossbauer  spectrometer  (full  details  of 
the  method  are  given  in  McCammon  et  al.,  1991).  To  obtain  adequate  count  rates,  the 
conventional  Mossbauer  source  (typical  specific  activity  100  mCi/cm2)  is  replaced  by  a  point 
source  (specific  activity  >  2000  mCi/cm2),  which  can  be  obtained  commercially  at  a  cost  similar  to 
conventional  sources.  The  gamma  rays  are  collimated  to  the  selected  sample  diameter  using  a  Pb 
shield,  and  the  source-sample  distance  is  reduced  to  <  5  mm.  The  latter  results  in  a  solid  angle 
similar  to  conventional  experiments,  and  hence  a  similar  count  rate.  Since  the  signal  quality 
depends  on  absorber  density  (measured  in  mg  Fe/cm2)  and  not  the  total  amount  of  iron  in  the 
sample,  the  reduction  in  sample  size  has  no  effect  on  the  effective  thickness  of  the  absorber.  When 
electronic  absorption  due  to  heavier  elements  is  low  and  the  point  source  is  relatively  new  (<  1 
year  old),  high  quality  Mossbauer  spectra  (comparable  to  conventional  measurements)  can  be 

recorded  on  samples  with  diameters  as  small  as 
100  jam  (see  McCammon,  1994). 


The  George  Creek  diamonds  were  taken  from 
the  K1  (section  28)  kimberlite  located  in  the 
State  Line  District  of  the  Colorado  Wyoming 
Province.  Previous  studies  of  mantle  xenoliths 
and  diamond  inclusions  from  the  State  Line 
region  have  indicated  considerable  heterogeneity 
of  the  lithospheric  mantle  sampled  by  the 
kimberlite  eruptions  (see  Eggler  et  al.,  1988). 
The  inclusions  from  George  Creek  are 
dominantly  of  the  eclogitic  paragenesis.  Black 
rosettes  of  graphite  are  common,  followed  in 
abundance  by  clinopyroxene,  garnet,  rutile  and 
ilmenite,  and  rare  moissanite  and  quartz/coesite 
(one  inclusion  each).  Many  of  the  garnets 
recovered  contain  tiny  ilmenite  inclusions  within 
the  garnet,  which  has  never  been  reported 
before.  Estimates  using  the  gamet-cpx 
thermometer  of  Ellis  and  Green  (1979)  yield 
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Velocity  (mm/s) 

Fig.  1.  Mossbauer  spectrum  of  garnet  GC020B.  The 
sample  diameter  is  ca.  200  pm.,  and  the  subspectrum 
corresponding  to  Fe3+  is  shaded  black. 


temperatures  of  1071-1 178  °C  at  50  kb  for  non-touching  pairs,  while  touching  pairs  of  gamet-cpx 
and  opx-cpx  yield  lower  temperatures  of  912-977°C  usirig  the  Ellis  and  Green  (1979)  and 
Bertrand  and  Mercier  (1985)  methods.  The  most  striking  feature  of  George  Creek  diamonds  is  the 
presence  of  two  diamond  growth  generations  which  formed  under  different  conditions. 
Anomalous  cathodoluminescence  colours  and  infrared  absorption  spectra  reveal  a  generation 
containing  sub-microscopic  inclusions  of  high  pressure  C02,  and  complex  intergrowth  relations 
between  the  C02-bearing  and  C02-free  generations. 

After  detailed  description  of  the  host  diamond,  mineral  inclusions  were  liberated  and  mounted  in 
epoxy  for  electron  microprobe  analysis,  which  was  performed  at  the  University  of  Cape  Town. 
For  Mossbauer  measurements,  inclusions  were  removed  from  the  epoxy  and  mounted  using 


Table  1.  Electron  microprobe  analyses  for  garnet  inclusions  measured  using  Mossbauer 
spectroscopy 


specimen 

grain  size  (diameter) 
assemblage 

GC007F 

200  pm 
gt-cpx-br 

GC020B 

250  pm 
gt-cpx 

GC055C 

100  pm 
gt-(gt-il)-cpx 

weight  percent  of  oxides: 

Si02 

39.5 

39.5 

39.2 

Ti02 

0.89 

0.79 

0.63 

ai2o3 

21.6 

21.5 

21.5 

Cr203 

n.d. 

n.d. 

n.d. 

FeO 

18.6 

17.51 

17.65 

Fe203* 

0.0 

0.77 

1.27 

MnO 

0.31 

0.41 

0.37 

MgO 

8.91 

9.89 

8.23 

CaO 

9.70 

9.25 

11.1 

Na20 

0.31 

0.21 

0.14 

k2o 

n.d. 

n.d. 

n.d. 

I 

99.22 

99.83 

99.11 

cation  proportions  based  on  12  oxygen  atoms: 

Si 

2.996 

2.983 

2.987 

Ti 

0.051 

0.045 

0.036 

A! 

1.933 

1.914 

1.931 

Cr 

n.d. 

n.d. 

n.d. 

Fe2+ 

1.180 

1.106 

1.116 

Fe3+ 

0.000 

0.044 

0.044 

Mn 

0.020 

0.026 

0.024 

Mg 

1.008 

1.113 

0.935 

Ca 

0.789 

0.748 

0.906 

Na- 

0.045 

0.029 

0.020 

tC 

n.d. 

n.d. 

n.d. 

* 

i 

8.022 

8.008 

7.999 

Mg# 

46.07 

50.16 

45.59 

Fe3+/£Fe  (%) 

0.012.7 

3.810.7 

6.112.2 

gt:  garnet;  cpx:  clinopyroxene;  br:  black  rosette  of  graphite;  il:  ilmenite;  n.d.:  not  detected 
Recalculated  based  on  Fe3+/LFe  determined  from  Mossbauer  analysis 
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cellophane  tape  within  a  200  pm  diameter  hole  drilled  in  250  pm  thick  Ta  foil.  The  foil  acts  as  a 
collimator,  absorbing  more  than  99%  of  the  14.4  keV  gamma  rays.  Absorber  densities  based  on 
the  thickness  of  the  samples  and  chemical  compositions  are  ca.  5  mg  Fe/cm2  for  the  garnet  and 
1.5  mg  Fe/cm2  for  the  clinopyroxene  inclusions.  These  absorber  densities  are  comparable  to  those 
used  in  conventional  experiments.  Mossbauer  spectra  were  collected  at  room  temperature  over 
periods  ranging  from  2-4  weeks,  where  the  relatively  long  count  times  were  required  due  to  the 
old  age  of  the  radioactive  source  (>  1  year).  The  remainder  of  inclusions  in  the  George  Creek  suite 
will  be  measured  after  delivery  of  a  new  radioactive  source.  The  quality  of  spectra  was  sufficiently 
high  that  robust  determinations  of  Fe3+/ZFe  could  be  made.  The  Mossbauer  spectrum  of  sample 
GC020B  garnet  is  shown  in  Fig.  1,  and  Fe3+/£Fe  values  measured  from  the  garnet  inclusions  are 
listed  in  Table  1,  accompanied  by  the  chemical  composition  data. 

While  Fe3+/XFe  values  of  the  garnet  may  reflect  fQ2  conditions,  they  are  also  a  function  of 
pressure,  temperature  and  composition  of  the  coexisting  phases.  The  bimineralic  eclogite  system 
lacks  sufficient  constraints  to  allow  direct  determination  of fOi,  but  systematic  studies  in  related 
systems  as  well  as  experimental  investigations  will  assist  in  constraining  knowledge  of  the  redox 
conditions  during  diamond  formation.  Compositions  of  other  minerals  (e.g.  ilmenite)  would 
provide  complementary  information.  A  comprehensive  model  to  explain  the  genesis  and 
subsequent  mantle  residence  history  of  George  Creek  diamonds  would  combine  information  from 
inclusion  compositions,  temperature  estimates  from  inclusions  and  nitrogen  aggregation  state, 
cathodoluminescence  and  physical  characteristics.  The  presence  of  at  least  two  diamond  growth 
generations,  both  of  which  have  experienced  considerable  etching,  resorption  and  deformation, 
indicates  that  conditions  in  the  mantle  fluctuated  between  conditions  conducive  to,  and  detrimental 
to  diamond  formation/preservation.  Changing  redox  conditions  have  played  a  significant  role  in 
the  evolution  of  the  mantle,  and  may  also  have  distinguished  distinct  mantle  domains  of  different 
composition  and  history.  Processes  such  as  melt  extraction,  metasomatism,  and  recycling  of 
oceanic  material  by  subduction  would  have  a  profound  effect  on  the  redox  conditions  of  the 
mantle,  and  need  to  be  constrained  if  the  products  of  mantle  magmatism  are  to  be  understood. 
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DETERMINATION  OF  FERRIC  IRON  VARIATION  WITHIN  ZONED  GARNETS  FROM 
THE  WESSELTON  KIMBERLITE  USING  A  MOSSBAUER  MILLIPROBE 
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The  study  of  zoning  profiles  can  provide  extensive  information  regarding  chemical  processes  that 
occurred  during  formation  of  the  mineral  assemblage.  Tools  such  as  the  electron,  proton  and  ion 
microprobes  provide  detailed  information  on  major  and  trace  element  chemical  compositions,  but 
are  unable  to  distinguish  between  different  oxidation  states,  for  example  between  ferrous  and 
ferric  iron.  Such  information  is  crucial  to  determination  of  redox  conditions  during  mineral 
formation,  which  can  have  significant  effects  on  many  different  processes  (element  partitioning, 
diffusivity,  partial  melting  reactions,  etc.).  Mossbauer  spectroscopy  is  an  ideal  method  to 
distinguish  between  ferrous  and  ferric  iron,  and  can  provide  an  estimate  of  their  relative 
abundances  in  individual  phases.  Normally  experiments  are  performed  on  samples  with  ca.  1  cm 
diameter,  but  a  recently  developed  technique  enables  routine  Mossbauer  measurements  to  be 
performed  on  samples  with  diameters  of  500  pm  or  less. 

The  technique,  also  known  as  the  Mossbauer  milliprobe,  is  relatively  simple  and  requires  only  a 
small  amount  of  equipment  in  addition  to  a  conventional  Mossbauer  spectrometer  (full  details  of 
the  method  are  given  in  McCammon  et  al.,  1991).  To  obtain  adequate  count  rates,  the 
conventional  Mossbauer  source  (typical  specific  activity  100  mCi)cm2)  is  replaced  by  a  point 
source  (specific  activity  >  2000  mCi/cm2),  which  can  be  obtained  commercially  at  a  cost  similar  to 
conventional  sources.  The  gamma  rays  are  collimated  to  the  selected  sample  diameter  using  a  Pb 
shield,  and  the  source-sample  distance  is  reduced  to  <  5  mm.  The  latter  results  in  a  solid  angle 
similar  to  conventional  experiments,  and  hence  a  similar  count  rate.  Since  the  signal  quality 
depends  on  absorber  density  (measured  in  mg  Fe/cm2)  and  not  the  total  amount  of  iron  in  the 
sample,  the  reduction  in  sample  size  has  no  effect  on  the  effective  thickness  of  the  absorber.  When 
electronic  absorption  due  to  heavier  elements  is  low  and  the  point  source  is  relatively  new  (<  1 
year  old),  high  quality  Mossbauer  spectra  (comparable  to  conventional  measurements)  can  be 
recorded  on  samples  with  diameters  as  small  as  100  pm  (see  McCammon,  1994). 


Fig.  1.  Mossbauer  spectra  of  garnet  #940  showing  the  difference  between  core  and  rim  for  sample  diameter  of 
400  pm.  The  subspectrum  corresponding  to  Fe3+  is  shaded  black. 
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Garnets  from  the  Wesselton  kimberlite  were  mounted  in  epoxy  disks  and  polished  for  preliminary 
analysis  using  the  electron  and  proton  microprobes.  Zoning  patterns  were  studied  using  the 
electron  microprobe  at  CSIRO  and  Macquarie  University  (Australia)  and  using  the  proton 
microprobe  at  CSIRO  (Australia).  X-ray  maps  were  prepared  and  used  to  locate  interesting  areas 
for  Mossbauer  analysis.  Samples  were  prepared  for  Mossbauer  spectroscopy  by  reducing  the  disk 
thickness  to  ca.  300  jam,  which  gives  an  iron  density  of  ca.  5  mg  Fe/cm2  based  on  the  chemical 
composition  of  the  garnet.  Note  that  since  Mossbauer  spectroscopy  is  a  non-destructive  technique, 
the  polished  surfaces  of  the  disks  are  preserved  for  further  analysis.  To  isolate  different  parts  of 
the  sample,  a  piece  of  250  pan  thick  Ta  foil  drilled  with  a  400  jam  diameter  hole  was  positioned 
such  that  the  hole  was  centred  on  the  area  to  be  analysed.  X-ray  maps  showing  differences  in  Ca 
and  Ti  composition  were  invaluable  for  route-finding.  Mossbauer  spectra  were  recorded  at  various 
parts  on  four  samples  (#933,  #937,  #940,  #951)  at  room  temperature  over  periods  ranging  from 
1-5  days.  The  quality  of  the  spectra  was  sufficiently  high  that  robust  determinations  of  Fe3+/XFe 
could  be  made.  Typical  spectra  are  shown  in  Fig.  1. 

The  phlogopite-harzburgite  xenoliths  from  the  Wesselton  kimberlite  contain  garnets  with  zoning 
that  ranges  from  low-Ca  harzburgitic  cores  to  rims  with  Iherzolitic  Ca-Cr  relations.  Increase  in  Ca 
and  decrease  in  Cr  and  Mg  is  accompanied  by  increases  in  Zr,  Y  and  Ti.  There  are  secondary 
replacement  rims  on  some  of  the  garnets  which  consist  of  low  Ca  and  Cr,  but  high  Mg  and  Ti. 

For  further  details  about  the  samples,  see  Griffin  et  al.  Four  garnets  were  studied: 

#933  A  single  grain  ca.  1.6  x  2.5  mm,  surrounded  by  olivine  and  orthopyroxene.  Composition 
varies  somewhat  irregularly  from  core  to  rim,  and  the  grain  is  surrounded  by  a  secondary 
garnet  rim  that  varies  from  100-150  pm  in  thickness. 

#937  A  single  ovoid  grain,  of  which  an  area  ca.  1 .7  mm  across  is  available  for  analysis.  It  is 
surrounded  by  olivine.  There  is  pronounced  zoning  from  core  to  rim,  and  a  secondary 
replacement  rim  of  up  to  500  pm  in  thickness. 

#940  A  single  grain  ca.  3.5  mm  in  the  long  diameter,  surrounded  by  olivine  and  orthopyroxene. 
The  primary  garnet  grain  shows  broad  symmetrical  zoning  from  core  to  rim,  and  on  one 
side  there  is  a  50-75  pm  zone  of  secondary  replacement  garnet. 

#95 1  An  incomplete  grain  ca.  3  mm  in  diameter,  surrounded  by  olivine  and  orthopyroxene.  The 
relatively  homogeneous  core  is  surrounded  by  a  rim  of  distinctly  different  composition. 

The  electron  microprobe  analysis  from  garnet  #940  is  given  in  Table  1. 

Mossbauer  results  for  Fe3+/XFe  values  are  given  in  Table  2.  In  most  cases  the  spectrum  of  only 
one  phase  was  recorded,  but  in  a  few  instances  the  spectra  contained  contributions  from  more  than 


Table  1.  Electron  microprobe  analyses  for  garnet  #940 


core 

rim 

secondary  rim 

Si02 

41.17 

40.83 

41.71 

Ti02 

0,03 

0.18 

0.16 

ai2o3 

17.51 

17.72 

18.21 

Cr203 

8.42 

7.66 

6.98 

FeO 

5.70 

5.54 

5.44 

MnO 

0.14 

0.31 

0.22 

MgO 

22.78 

21.86 

22.63 

CaO 

3.45 

4.63 

3.73 

Na20 

0.02 

0.07 

0.03 

I 

99.22 

98.80 

99.11 
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Table  2.  Fe3+/£Fe  values  for  zoned  garnets  and  orthopyroxene  from  Wesselton  kimberlite 


garnet  number 

core 

rim 

secondary  rim 

opx 

#951 

5.9(8) 

5.3(7) 

6.1(6) 

6.6(10) 

72% 

6.6(7) 

#937 

8.1(12) 

10.7(34) 

89% 

10.5(26) 

63% 

#933 

6.2(6) 

11.8(24) 

64% 

11.9(5) 

10.4(5) 

4.0(13) 

#940 

6.0(5) 

7.1(5) 

7.7(37) 

51% 

Numbers  in  italics  represent  bulk  Fe3+/XFe  values  measured  from  mixed  phase  assemblages,  with  the  relative 
proportion  of  garnet  in  the  mixed  phase  indicated  in  %. 

Standard  deviations  of  the  last  digit  are  given  in  parentheses. 


one  phase.  In  this  case  only  bulk  Fe3+/£Fe  values  could  be  determined,  and  must  be  regarded  as 
tentative  at  this  point  due  to  ambiguities  in  fitting.  This  problem  will  be  addressed  in  further 
experiments,  as  well  as  to  quantify  the  uncertainties  due  to  preferred  orientation  (effectively  a 
single  crystal  Mossbauer  experiment). 

The  zoning  pattern  of  the  garnets  is  believed  to  be  the  result  of  a  multistage  metasomatic  alteration 
that  included  diffusional  modification  of  existing  harzburgitic  garnet,  overgrowth  of  new 
lherzolitic  garnet,  and  replacement  of  lherzolitic  rims  by  a  later  harzburgitic  garnet  (Griffin  et  al.). 
We  have  been  able  to  determine  the  change  in  Fe3+/£Fe  for  each  of  the  zoning  events.  Results 
from  garnets  #940  and  #95 1  indicate  that  there  is  little  change  in  Fe3+/£Fe  of  the  garnet  during  the 
first  two  events,  while  results  from  garnet  #933  show  that  there  is  a  large  increase  in  Fe3+/ZFe 
during  the  latter  event  producing  the  secondary  rim.  The  Fe3+/£Fe  values  can  be  used  in 
conjunction  with  pressure,  temperature,  composition  and  activity  data  to  calculate  JO2  (e.g.  Luth  et 
al.,  1990).  Data  analysis  is  still  underway.  These  results  provide  constraints  on  redox  conditions 
existing  during  chemical  evolution  of  the  Wesselton  kimberlite  prior  to  eruption,  with  implications 
for  related  topics  such  as  diamond  preservation. 
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SEA  FLOOR  HYDROTHERMAL  VENT  SYSTEMS:  PROTOENVIRONMENT  FOR 
13C-DEPLETED  ECLOGITIC  DIAMOND 


McCandless,  T.E.1 
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Eclogitic  diamonds  have  a  carbon  isotopic  range  of  ~0  to  -30 %©  that  may  be 
accounted  for  by  primordial  mantle  heterogeneities,  or  by  crustal  carbon  introduced  into 
the  mantle  via  subduction.  Mid  ocean  ridge  basalt  (MORB)  is  similar  in  composition  to 
eclogite,  but  has  been  discounted  as  a  protolith  because  carbon  is  a  minor  component  in 
unaltered  MORB  and  has  an  average  813C  of  around  -6 %©  (Deines,  1992).  The  alternative 
theory  that  ^C-depleted  eclogitic  diamonds  are  due  to  primordial  carbon  heterogeneities 
in  the  mantle  like  those  observed  in  carbonaceous  chondrites  is  encumbered  by  the  fact 
that  chondrites  have  bulk  compositions  greatly  different  from  eclogite  (Kirkley  et  al., 
1991).  Proponents  for  subduction  argue  that  ^C-depleted  carbon  is  obtained  from  other 
marine  rocks  such  as  continental  carbonaceous  shales  (CCS;  Kirkley  et  al.,  1991). 
Unfortunately  most  of  these  rocks  are  in  tectonic  settings  not  prone  to  subduction,  a 
limitation  that  those  who  favour  the  primordial  carbon  model  are  quick  to  point  out 
(Deines,  1992).  Arguments  supporting  either  camp  are  based  on  isotopic  or  trace  element 
studies  that  are  often  equivocal  and  subject  to  more  than  one  interpretation  (Jacob  et  al., 
1994;  Snyder  etal.,  1993). 

A  straightforward  evaluation  of  the  models  has  been  carried  out  by  comparing 
bulk  compositions  for  diamond  eclogites  to  the  bulk  compositions  of  carbonaceous  shale 
and  chondrites.  The  diamond  eclogite  composition  include  carbon  content  and  are  based 
on  detailed  microprobe  and  mineral  abundance  determinations  (Robinson,  1979; 
McCandless  and  Gurney,  1986;  McCandless  and  Collins,  1989;  Sobolev  et  al.,  1994). 
Observations  that  have  emerged  are  that  the  composition  of  diamond  eclogite  cannot  be 
obtained  by  bulk  metamorphism  of  carbonaceous  chrondrite  or  CCS.  The  alternative 
favoured  by  subduction  proponents  to  move  ^C-depleted  carbon  from  CCS  into  MORB 
via  a  fluid  phase  is  also  unacceptable.  Up  to  5%  CCS  added  to  MORB  can  produce 
diamond  with  813C  =  -30%©,  but  the  resultant  mixture  can  not  account  for  the  high  carbon 
content  of  some  diamond  eclogites  without  drastically  shifting  the  product  away  from  a 
diamond  eclogite  (i.e.,  basaltic)  composition.  MORB  remains  the  best  protolith  for 
diamond  eclogite;  the  requirement  is  that  carbon  with  the  necessary  ^3C-depleted  carbon 
composition  must  be  introduced  without  affecting  bulk  MORB  composition. 

New  studies  reveal  that  MORB  does  in  fact  contain  abundant  *3C-depleted 
carbon,  from  microbial  activity  in  the  vicinity  of  seafloor  ridge  hydrothermal  vents 
(Delaney  et  al.,  1994;  Lilley  et  al.,  1993)  and  could  account  for  ^C-depleted  eclogitic 
diamonds  (Nisbet  et  al.,  1994).  Seafloor  ridge  hydrothermal  vents  host  a  vast  biosystem 
that  depends  directly  or  indirectly  on  chemosynthesis,  deriving  energy  through  chemical 
reactions  with  dissolved  components  in  the  hydrothermal  fluids  (Jannasch,  1989; 
McCollom  and  Shock,  1994).  Mixing  of  MORB  with  ophiolitic  shales  enriched  in  13 C - 
depleted  microbial  carbon  (Loukola-Russkeeniemi  et  al.,  1991)  can  account  for  the  13C- 
depleted  nature  of  eclogitic  diamonds  without  changing  the  diamond  eclogite  product 
away  from  a  basaltic  composition.  Up  to  10%  ophiolitic  carbonaceous  shales  can  be 
added  to  MORB  to  produce  eclogitic  diamond  with  8i3C  =  -27%©,  raise  carbon 
concentration  two  orders  of  magnitude,  and  maintain  a  diamond  eclogite  composition 
(McCandless,  1995).  Microbial  organic  carbon  is  preserved  in  Proterozoic  vent  settings 
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(Loukola-Russkeeniemi  et  al.,  1991),  is  readily  subducted,  and  can  survive  subduction 
without  significant  fractionation  (Shock,  1990). 

Hydrothermal  fluids  in  present-day  seafloor  ridge  vent  systems  effectively 
circulate  through  oceanic  lithosphere  because  pressure  and  temperature  conditions  exceed 
the  critical  endpoint  of  water,  enhancing  the  ability  of  water  to  fracture  rock  and  advect 
chemical  components  (Norton,  1984).  The  Archaean  seafloor  had  more  ridges,  but 
shallower  ocean  depths  meant  lower  pressures,  and  seawater  was  prevented  from 
reaching  supercritical  conditions  and  forming  extensive  hydrothermal  vent  systems. 
Increased  ocean  depth  in  the  late  Proterozoic  enabled  supercritical  seawater  to  develop 
extensive  hydrothermal  systems  (Kasting  and  Holm,  1992),  and  a  blossoming  of 
microbial  vent  biota  probably  followed.  Eclogitic  diamonds  that  have  been  dated  are 
mostly  Proterozoic  or  younger  in  age.  Isotopically  light  eclogitic  diamonds  may  have 
formed  more  readily  in  Proterozoic  and  Phanerozoic  time  because  large  amounts  of 
organic  carbon  were  not  available  for  subduction  before  prior  to  2.5  Ga  ago.  The 
appearance  of  13C-depleted  eclogitic  diamonds  may  thus  be  linked  with  the  evolution, 
and  eventual  subducton,  of  the  seafloor  ridge  vent  biosphere. 
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MICRODIAMONDS  FROM  KIMBERLITES  AND  LAMPROITES: 

OBSERVATIONS  AND  IDEAS  CONCERNING  TtlEIR  ORIGIN 
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For  macrodiamonds  (>1  mm  diameter),  the  question  of  whether  most  are 
phenocrysts  in  their  igneous  host,  or  are  xenocrysts  plucked  from  deep  in  the  mantle  during 
ascent  of  these  magmas  has  been  resolved  in  favour  of  the  latter.  Morphological  and 
geochemical  studies  of  macrodiamonds  show  that  they  are  generally  older  than  their 
igneous  host,  and  have  been  partially  resorbed  by  hostile  reaction  with  magmatic  volatiles 
(Robinson,  1979;  Orlov;  1971;  Richardson  et  al.,  1990,1993;  Smith  et  al.,  1989;  Kramers, 
1979).  The  process  of  resorption  changes  the  macrodiamond  crystal  from  a  primary 
octahedron  or  cube  to  a  tetrahexahedral  shape  with  curved  crystal  faces,  a  tetrahexahedroid 
(Robinson,  1979;  Robinson  et  al.,  1989).  Diamonds  in  various  stages  of  resorption  are 
found  in  kimberlites  and  lamproites  and  indicate  that  not  all  diamonds  are  liberated  from 
their  xenolith  hosts  at  the  same  time.  One  trend  that  holds  generally  is  that  smaller 
diamonds,  with  higher  surface  area  to  mass  ratios,  are  more  resorbed  than  larger  diamonds. 
Given  the  trend  toward  more  resorption  with  smaller  stone  size,  one  would  anticipate  that 
microdiamonds  (<1  mm)  would  be  almost  exclusively  tetrahexahedroida. 

Microdiamonds  are  instead  an  enigma  with  respect  to  resorption,  because,  when 
whole  crystals  are  considered,  they  are  commonly  unresorbed  octahedra.  This  has  led  to 
speculation  that  some  microdiamonds  have  a  genesis  separate  and  distinct  from 
macrodiamond  xenocrysts,  possibly  as  phenocrysts  in  the  kimberlite  or  lamproite 
(Haggerty,  1986;  Levinson  and  Pattison,  1995).  Much  this  speculation  is  based  on  the 
early  studies  of  Tolansky  and  co-workers  (Tolansky,  1973;  Tolansky  and  Rawle-Cope, 
1968)  in  which  unbroken  microdiamonds  from  Premier  and  Finsch  were  obtained  for 
determining  nitrogen  aggregation  states.  They  reported  that  over  96%  of  their  crystals  were 
octahedra  at  Premier,  53%  were  octahedra  at  Finsch,  and  the  remainder  were  referred  to  as 
dodecahedra  (Tolansky,  1973),  possibly  a  form  equivalent  to  cubo-octahedra  that  are 
reported  in  Russian  kimberlites  (Varshavskii  and  Bulanova,  1975).  In  contrast,  recent 
studies  suggest  that,  although  octahedra  are  the  most  common  unbroken  crystal  form, 
fragments  dominate  the  microdiamond  population  (McCandless,  1989).  Furthermore, 
microdiamonds  from  kimberlites  and  lamproites  have  surface  textures  identical  to 
microdiamonds  from  diamondiferous  xenoliths,  which  suggests  a  xenocryst  relationship  to 
the  igneous  host  (McCandless  et  al.,  1994). 

In  this  study  we  examine  microdiamonds  from  U.S.,  South  African  and  Australian 
kimberlites  and  lamproites,  and  confirm  that  microdiamonds  from  lamproites  and 
kimberlites  worldwide  have  morphologies  that  contrast  with  those  for  macrodiamonds.  The 
most  noticeable  difference  is  that  the  tetrahexahedroid,  which  is  so  common  amongst 
macrodiamonds  is  rare  or  absent  as  a  microdiamond,  and  that  octahedra  microdiamonds  are 
the  dominant  crystal  shape  (Table  1).  Although  octahedra  are  the  most  common  whole 
crystal,  broken  crystals  far  outnumber  whole  crystals.  This  misconception  can  have  serious 
consequences  when  the  macrodiamond  potential  of  a  kimberlite  or  lamproite  is  projected 
solely  on  the  numbers  of  microdiamonds  recovered  in  small  test  samples  (Jennings,  1993). 

Microdiamonds  are  believed  to  be  xenocrysts,  based  on  the  overwhelming 
dominance  of  surface  features  that  are  similar  to  those  observed  on  microdiamonds  from 
xenoliths.  Resorption  of  microdiamonds  is  non-systematic  and  can  result  in  wholesale 
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destruction  of  the  microdiamond  rather  than  conversion  to  a  tetrahexahedroid. 
Microdiamonds  therefore  are  not  a  product  of,  nor  in  equilibrium  with,  the  transporting 
magma.  The  observed  morphology  is  product  of  shielding  the  microdiamonds  from  the 
resorption  process  in  small  xenolith  fragments  and  does  not  require  a  phenocryst  origin  to 
explain  unresorbed  octahedral  shapes.  The  use  of  microdiamond  surface  textures  as  a 
means  of  evaluating  macrodiamond  grades  of  kimberlite  or  lamproite  is  presently  under 
investigation. 


TABLE  1.  Relative  percentages  of  octahedra,  tetrahexahedroida,  and  dodecahedra,  and 
the  percentage  of  twin  and  aggregate  crystals  in  macrodiamond  and  microdiamond 
populations  from  kimberlites  and  lamproites.  For  microdiamonds,  the  total  percentage  of 
the  population  consisting  of  fragments  is  also  given. 


Location 

octahedra 

Macrodiamonds 

tetrahexahedroida  dodecahedra 

twins  and 
aggregates 

Sloan1 

59% 

41% 

0% 

15% 

Koffiefontein2 

33% 

67% 

0% 

41% 

Prairie  Creek3 

0% 

100% 

0% 

9% 

Ellendale  44 

2% 

98% 

0% 

52% 

Sloan5 

92% 

MignxfimnQnds 

6% 

2% 

53% 

%  of  fragments 
83% 

Koffiefontein5 

100% 

0% 

0% 

0% 

58% 

Prairie  Creek3 

100% 

0% 

0% 

33% 

62% 

Ellendale  45 

100% 

0% 

0% 

50% 

57% 

Sources:  (1)  Mctandless,  1990;  (2)  Harris  et  al,  1975;  (3)  McCandless  et  al,  1994; 
(4)  Hall  and  Smith,  1984;  (5)  this  study. 
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LHERZOLITE  XENOLITHS  FROM  CZECH  NEOGENE  LAVAS. 
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Silicate- spinel  symplectites  are  relatively  common  features  in  upper  mantle  xenoliths  in 
alkali  basalt  and  kimberlite.  Such  intergrowths  include  a  range  of  textures,  mineral  modes, 
mineral  compositions,  and  reconstructed  compositions  of  precursor  phases,  reflecting  different 
conditions  and  mechanisms  of  formation  (Smith,  1977;  Field  &  Haggerty,  1994).  Peridotite 
xenoliths  in  Czech  Neogene  lavas  contain  pyroxene- spinel  symplectites,  whose  mineral  modes  and 
compositions  are  consistent  with  their  formation  by  reaction  of  pre-existing  garnet  with  olivine. 
Thermobarometry  demonstrates  equilibration  of  the  symplectites  in  the  spinel  peridotite  field  at 
980-1090°C,  12.0-15.1  kbars. 

Upper  mantle  xenoliths  are  abundant  in  Neogene  lavas  in  the  Bohemian  Massif.  The 
investigated  xenoliths  occur  in  nepheline  basanite  lava  flows  of  Kozakov  volcano  (4-6  Ma; 

Sibrava  and  Havlicek,  1980),  which  is  located  in  the  north-central  part  of  the  Bohemian  Massif 
about  7  km  east  of  Tumov.  Kozakov  volcano  occurs  in  the  Labe  tectonovolcanic  zone  and  is 
situated  on  the  WNW-trending  Lusatian  (Luzice)  fault,  which  marks  the  northeastern  termination 
of  the  Eger  (Ohr  e)  Graben.  Basanite  lavas  typically  contain  2-3%  peridotite  xenoliths,  and  when 
olivine  xenocrysts  and  peridotite  xenoliths  are  taken  together,  the  lavas  contain  approximately 
10%  of  upper  mantle  mateial. 

Peridotite  xenoliths  are  spheroidal  to  ellipsoidal  in  shape,  are  commonly  6-10  cm  in 
diameter  (rarely  up  to  70  cm),  and  consist  predominantly  of  spinel  Iherzolite,  with  subordinate 
harzburgite  and  dunite.  Two  textural  varieties  of  Iherzolite  occur:  very  coarse-grained 
protogranular  llierzolite  (grain  diameters  on  the  order  of  1  cm),  and  medium-grained  equigranular 
mosaic  Iherzolite.  In  mosaic  Iherzolite,  spinel  occurs  as  discrete,  intergranular  grains,  but  in 
protogranular  llierzolite,  spinel  occurs  only  in  symplectic  intergrowth  with  pyroxene.  The 
pyroxene- spinel  symplectites  are  ellipsoidal  in  shape,  have  dimensions  on  the  order  of  1  cm,  and 
consist  of  vermicular  spinel  intergrown  with  subequant  grains  of  orthopyroxene  and 
clinopyroxene,  which  are  0. 5-2.0  mm  in  diameter. 

Mineral  compositions  in  three  protogranular  xenoliths  were  determined  by  EMP  analysis, 
with  the  following  results:  olivine,  Fo  90.2-91.0;  orthopyroxene,  En  90.5-91.4,  Al^  3.78-5.23%, 
Cr203  0.46-0.53%;  clinopyroxene,  Wo  44.4-46.7,  Di  48.5-50.4,  Hd  4.4-5.4,  A^O,  4.33-6.11%, 
Cr203  0.75-0.85%;  spinel,  X^O.771-0.798,  XCr  0.142-0.220,  Fe37(Fe3++Al+Cr)  0.027-0.044. 

Each  mineral  species  is  homogeneous  within  a  given  xenolith,  and  the  compositions  of  ortho-  and 
clinopyroxene  in  symplectite  are  closely  similar  to  those  in  the  surrounding  matrix. 


371 


The  chemical  compositions  of  pyroxene- spinel  symplectite  domains  (Table  1 )  have  been 
calculated  from  compositions,  densities,  and  modal  proportions  of  their  constituent  phases;  modes 
were  determined  by  computer  processing  of  digital  x-ray  and  back- scattered  electron  maps  of 
symplectite  by  means  of  imaging  software  (National  Institute  of  Health,  "Image").  The  bulk 
symplectite  compositions  are  too  rich  in  A1A  for  symplectite  to  have  formed  by  exsolution  of 
spinel  from  aluminous  pyroxene;  in  addition,  the  bulk  compositions  preclude  symplectite  from 
having  formed  by  simple  decomposition  of  garnet,  in  which  X0:Y203:Si02  is  43: 14:43  on  a  mol 
basis.  However,  the  bulk  compositions  are  consistent  with  symplectite  having  formed  by  the 
reaction,  garnet  +  olivine  =  pyroxene  +  spinel,  for  which  X0:Y203:Si02  is  ~50: 10:40,  depending 
on  the  alumina  content  (t)  of  pyroxene.  Symplectite  from  two  Czech  samples  and  one  from  Green 
Knobs,  Colorado  Plateau  (Smith,  1977)  have  values  of  X0:Y203:Si02  that  are  very  close  to  those 
for  the  theoretical  reactants,  and  values  for  the  third  Czech  sample  are  reasonably  close. 

Table  1 


Reconstructed  Compositions  of  Theoretical  Compositions  of 
Pyroxene- Spinel  Symplectite  Pyroxene-Spinel  Reactants 


Czech  Republic -  Colorado 


Sample 

KZC2 

KZC3 

KZC6 

Plateau 

wt  %: 

Smith  (1977) 

Si02 

36.40 

40.15 

40.81 

41.26 

Ti02 

0.03 

0.05 

0.11 

0.00 

aX,Y2Si3012  +  X2Si04  = 

A1A 

19.47 

15.42 

17.36 

11.13 

garnet  olivine 

Cr203 

6.02 

5.59 

3.74 

9.25 

FeO 

8.39 

7.16 

6.75 

7.81 

2aX(,t)Y(2t)Si(2,)06  +  XY204 

MnO 

0.12 

0.11 

0.11 

0.18 

pyroxene  spinel 

NiO 

0.13 

0.11 

0.10 

0.00 

MgO 

26.70 

26.66 

25.88 

26.77 

where:  X  =  Fe,  Mn,  Ni,  Mg,  Ca 

CaO 

2.72 

4.43 

4.99 

4.77 

Y  =  Al,  Cr 

Na.0 

0.12 

0.17 

0.32 

0.05 

a  =  l/(l-2t) 

Sum 

100.09 

99.83 

100.17 

101.22 

mols: 

pyroxene- spinel  symplectite 

theoretical  reactants 

XO 

49.9 

49.7 

48.8 

50.1 

50.0  49.2  48.9 

YA 

13.8 

11.0 

11.4 

9.9 

10.0  10.5  10.6 

Si02 

36.3 

39.3 

39.8 

40.0 

40.0  40.3  40.4 

t  = 

=  0.084 

0.081 

0.105 

0.056 

0.000  0.080  0.100 

Temperature-pressure  conditions  have  been  calculated  for  the  three  Kozakov 
symplectite-bearing  lherzolite  xenoliths  by  the  two-pyroxene  thermometer  (Brey  &  Kohler,  1990), 
the  Ca-in-olivine  barometer  (Kohler  &  Brey,  1990),  and  the  olivine- spinel  thermometer  and 
oxygen  barometer  (Ballhaus,  Berry  &  Green,  1991).  Special  attention  was  paid  to  the  analysis  of 
Ca  in  olivine;  for  the  analytical  conditions  and  Ca  standard  in  the  University  of  Wisconsin  EMP 
laboratory  (Cameca  SX51),  a  counting  time  of  300  seconds  yields  a  minimum  detection  limit  of 
0.036  wt%  CaO  and  a  precision,  based  on  counting  statistics,  of  3%. 
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Because  the  compositions  of  enstatite  and  diopside  in  symplectite  are  very  similar  to  those 
of  surrounding  matrix  grains,  the  results  of  TP  calculations  are  also  similar,  using  either  pyroxene 
population;  the  results  for  matrix  grains  are  reported  here.  TP  values  obtained  from  the 
two-pyroxene  thermometer  and  Ca-in-olivine  barometer  are  977°C,  12.0  kb;  982°C,  15. 1  kb;  and 
1090°C,  14.7  kb.  Interestingly,  Fe-Mg  exchange  between  spinel  and  olivine  appears  to  have 
re-equilbrated  at  lower  temperatures  of  784°C,  844°C,  and  849°C;  corresponding  oxygen 
fiigacities  are  within  one  log  unit  of  FMQ  (+0.67,  +0.45,  and  -0.34,  respectively). 


TP  conditions  for  the  Kozakov  lherzolite  xenoliths  are  m  the  spinel  peridotite  field, 
between  the  present  day  geothermal  gradient  and  a  dry  lherzolite  solidus  and  calculated  liquidi  for 


Kozakov  nepheline  basanite  (corrected  for  10% 
xenocrystic  olivine).  However,  the  xenolith  TP 
conditions  are  consistent  with  a  high  heat  flow 
regime,  such  as  that  in  the  present-day  Basin 
and  Range  Province  in  the  U.S.,  which  may 
have  existed  5  million  years  ago  in  the  northern 
Bohemian  Massif,  when  the  Kozakov  volcano 
was  active.  We  suggest  that  the  three  analyzed 
xenoliths  were  initially  garnet  lherzolite, 
perhaps  residing  metastably  in  the  upper  mantle 
at  depths  of  35-45  kms  as  a  result  of  Variscan 
tectonic  imbrication,  that  garnet  reacted  with 
olivine  to  form  pyroxene- spinel  symplectite  in 
response  to  heating  associated  with  a  high 
regional  heat  flux  during  Neogene  volcanism, 
and  that  the  re-equilibrated  lherzolites  were 
rapidly  excavated  and  brought  to  the  surface  by 
the  Kozakov  basanite,  which  originated  at 
greater  depths. 
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RECENT  ADVANCES  IN  THE  INTERPRETATION  OF  THE  MID-  INFRARED 
ABSORPTION  SPECTRA  OF  DIAMOND 

M.J Mendelssohn  and  H.J Milled ge 


Dept,  of  Geological  Sciences,  University  College  London,  Gower  St.,  London  WC1E  6BT,  U.K. 

Because  diamond  is  a  centrosymmetric  crystal,  it  should  not  display  any  one-phonon 
absorption  in  the  mid-infrared  (IR),  but  Robertson,  Fox  &  Martin  (1934)  found  that  some 
diamonds  showed  ultraviolet  (UV)  and  IR  absorption  whereas  others  did  not,  and  they  designated 
the  two  classes  as  Type  I  (imperfect)  and  Type  II  (perfect).  Since  that  time,  an  enormous  amount 
of  effort  has  been  expended  in  discovering  the  reasons  for  these  differences,  and  as  a  result 
diamonds  are  now  further  subdivided  on  the  basis  of  their  absorption  spectra  into  classes  lb,  IaA, 
laB,  Ila  and  lib.  Any  disturbance  of  local  centrosymmetry  will  result  in  the  appearance  of  one- 
phonon  IR  absorption,  but  effort  has  been  concentrated  in  establishing  a  quantitative  relationship 
between  the  varieties  of  one-phonon  absorption  observed  in  natural  diamonds  and  the  presence  of 
nitrogen  in  a  series  of  aggregation  states  for  which  activation  energies  can  be  established  in 
HP/HT  experiments.  Although  it  has  long  been  known  that  diamonds  are  often  inhomogeneous,  it 
is  only  recently  that  IR  microscopes  have  made  it  possible  to  to  obtain  IR  spectra  from  sub¬ 
millimetre  areas  of  individual  diamonds  (Milledge  and  Mendelssohn  1988),  while  advances  in 
mass  spectrometry  and  diamond  processing  technology  have  permitted  the  measurement  of  carbon 
and  nitrogen  isotope  data  for  microgram  samples  of  diamond  excised  by  computer-controlled 
lasers. 

IR  microscopes  function  most  efficiently  in  the  mid-IR  (4500  -  650cm'1  )  which  is  the  region 
of  interest  for  organic  chemistry,  and  it  happens  that  spectra  involving  hydrogen  occur  in  the 
diamond  3-phonon  region,  where  absorption  is  weak  for  all  diamond  types,  no  absorption  except 
C02  occurs  in  the  2-phonon  region  except  for  Type  lib,  which  is  very  rare  among  natural 
diamonds,  whereas  three  well-defined  absorption  envelopes  corresponding  to  the  types  lb,  IaA  and 
laB  occur  in  the  1-phonon  region  just  below  the  Raman  edge  at  1332  cm'1  ,  accompanied  by  a 
peak  at  ~  1365cm'1  which  develops  during  the  nitrogen  aggregation  sequence.  Assuming  that  spectra 
for  diamonds  of  intermediate  types  such  as  Ib/Ia  or  IaA/IaB  are  linear  combinations  of  the  end- 
member  envelopes,  it  should  be  possible  to  determine  both  the  nitrogen  concentration  and 
aggregation  state  in  a  diamond  segment  from  its  infrared  absorption  spectrum,  and  to  detect  the 
presence  of  other  "organic"  (C,0,N,H  and  S)  species  which  may  be  present. 

Two  major  difficulties  are  encountered  in  practice.  The  first  concerns  the  nitrogen  ppm 
concentration  corresponding  to  a  particular  absorption  coefficient.  Different  estimates  may  arise 
either  from  inaccuracies  in  the  determination  of  nitrogen  concentration  by  one  or  all  of  the 
methods  used,  from  inhomogeneity  of  the  specimens,  or  from  the  assumption  that  nitrogen  alone 
is  responsible  for  the  observed  1-phonon  absorption,  and  is  all  present  in  an  IR-active  form.  The 
second  concerns  the  shape  of  the  absorption  envelope  for  each  of  the  Type  I  spectra.  Envelopes 
for  lb  obtained  both  from  synthetic  and  from  natural  diamonds  seem  essentially  invariant,  as  do 
IaA  envelopes,  but  this  is  not.  the  case  for  IaB  envelopes,  which  show  considerable  variations 
amongst  themselves  and  in  relation  to  the  platelet  peak  which  usually  accompanies  them. 

These  difficulties  are  important  in  relation  to  the  estimation  of  the  nitrogen  aggregation  state 
for  a  given  nitrogen  concentration,  because  the  estimates  are  used  in  conjunction  with  postulated 
mantle  residence  times  to  calculate  mantle  temperatures,  or  vice  versa,  in  conjunction  with 
particular  values  of  the  activation  energies  involved.  Nppm  values  and  IaB  aggregation 
percentages  can  be  superimposed  on  isothermal  isochron  charts,  (see  for  example  Taylor  & 

Milledge  1995)  which  we  calculated  for  various  mantle  residence  time  ranges  for  the 
experimentally  determined  value  of  the  IaA-IaB  activation  energy  of  7eV  (Cooper  1990)  and 
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mu[IaA](1282  cm'1)  =  1  for  150at.ppm  nitrogen  .  This  activation  energy  of  7eV  was  in 
reasonable  agreement  with  values  obtained  from  inclusion  geothermometry  (Mendelssohn, 
Milledge,  Cooper  and  Meyer  1991)  and  has  been  used  in  current  investigations.  Differences  in 
the  estimates  of  mu[IaB](1282  cm'1)  =  1  range  from  650  to  1000  at. ppm  nitrogen,  and  this  does 
affect  the  calculated  temperatures  by  some  5C  which  is  less  than  might  have  been  anticipated. 

Platelet  peak  development  as  a  temperature  indicator. 

The  principal  bar  to  the  usefulness  of  IR  data  which  is  unsupported  by  either  time  or 
temperature  data  from  some  other  source  is  that  it  does  not  determine  either  uniquely,  but  only 
limits  the  combinations  which  are  geologically  acceptable.  However,  we  propose  that  the  state  of 
the  platelet  peak  may  indicate  the  temperature  at  which  aggregation  occurred,  and  hence  also  the 
residence  time  required,  so  that  IR  data  is  a  self-contained  P/T  estimate  for  any  growth  horizon 
involving  IaA  to  IaB  aggregation. 

The  rationale  for  this  approach  comes  from  an  examination  of  the  many  thousands  of 
Mendelssohn  miniplots  (Milledge  and  Mendelssohn,  loc.cit)  now  extant.  These  miniplots  were 
developed  for  displaying  the  results  of  IR  mapping  of  diamond  plates;  They  are  2.5  cm  square 
plots  in  which  the  1-,  2-  and  3-phonon  regions  of  the  spectrum  are  superposed  so  that  estimates  of 
the  nitrogen  concentration  and  aggregation  state  can  be  made  by  inspection  in  relation  to  platelet 
development  and  the  presence  of  hydrogen  or  other  impurities.  They  are  arranged  in  rows  of  8, 
and  produced  automatically  during  routine  data  collection,  and  provide  a  convenient  way  of 
assessing  groups  of  spectra. 

From  a  consideration  of  such  groups  of  spectra  it  can  be  seen  that  platelet  peak  development 
occurs  at  different  rates  relative  to  IaB  aggregation  in  different  specimens,  or  in  different  growth 
horizons  within  the  same  specimen,  and  that  there  is  a  continuous  range  of  envelopes  which  can 
be  represented  by  series  involving  various  percentages  of  the  IaA  envelope  with  end-member  IaB 
envelopes  measured  directly  from  specimens  with  platelet  -peak  ratios  R  =  [  A(P)/A(  1282cm'1)] 
from  0  to  2.  Fig.l  shows  examples  from  such  series  for  R  =  0,  1  and  2.  It  had  long  been  known 
(Evans  and  Qi,  1982)  that  the  platelet  peak  can  be  destroyed  very  quickly  in  HP/HT  experiments, 
but  Cooper  (loc.cit.)  found  that  whereas  for  a  number  of  diamonds  for  which  the  platelet  peak 
development  varied  widely  in  relation  to  the  IaB  aggregation  state  before  doing  experiments 
intended  to  increase  the  aggregation,  all  specimens  had  been  reduced  to  the  same  ratio  after 
heating  to  ~  2600K.  Decrease  of  platelet  peak  growth  with  increasing  temperature  might  be 
explained  if  the  production  of  a  4-nitrogen  IaB  centre  from  the  aggregation  of  two  IaA  centres 
does  result  in  the  expulsion  of  a  carbon  atom  which  then  becomes  involved  in  platelet 
development,  as  has  been  suggested,  because  the  higher  the  temperature,  the  more  likely  such  an 
atom  would  be  to  relax. back  into  the  lattice  before  reaching  a  platelet. 

Whatever  the  reason  for  such  behaviour  may  be,  the  validity  of  such  a  relationship,  leading 
to  a  "platelet  index"(PI),  has  been  demonstrated  bn  a  number  of  specimens  (e.g.  Taylor  & 
Milledge,  loc.cit),  and  attempts  to  quantify  it, are  in  progress. 

The  lb  -  IaA  aggregation  sequence 

Similar  considerations  apply  to  representation  of  the  lb  -  IaA  aggregation  sequence,  for  which 
the  end-member  envelopes  are  sensibly  invariant,  but  in  this  case  it  is  assumed  that  conversion 
from  single  nitrogen  to  nitrogen  pairs  is  the  only  process  occurring,  so  that  the  size  of  the  IaA 
envelope  in  relation  to  the  size  of  the  lb  envelope  from  which  it  developed  can  be  used  to  obtain 
an  estimate  of  the  relative  values  of  the  absorption  coefficients  concerned.  Recent  values  indicating 
that  of  250  at.  ppm  of  nitrogen  give  an  absorption  coefficient  mu(l  134  cm'1)  =  1/mm,  while 
160  at.ppm  give  mu(1282  cm'1)  =  1  are  in  good  agreement  with  previous  estimates,  and  have 
been  used  to  calculate  the  Ib-IaA  series  shown  in  Fig.  2.  Recent  experiments  (Canil,  Taylor  and 
Milledge,  1995)  have  confirmed  previous  observations  that  octahedral  and  cubic  sectors  of 
diamond  aggregate  at  different  rates,  and  this  has  an  important  bearing  on  estimates  of  the  mantle 
residence  times  experienced  by  diamonds  still  exhibiting  some  lb  absorption  component,  as  these 
are  frequently  cubes. 
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COMPOSITION  AND  LOCALIZATION  FEATURES  OF  LAMPROITES-LIKE 
ROCKS  IN  THE  IRKUTSK  PR1SAYANYE  AREA 


Menshagin,  Yu.V.,  Sekerin,  A.P. 

Institute  of  the  Earth  Crust,  Irkutsk,- 664033,  Russia 

A  new  type  of  deep-seated  magmatites  has  been  revealed  which  are  presently 
considered  as  the  possible  recharging  source  for  diamond-bearing  placers  in  the  mid 
channel  of  Birysa  river.  In  Upper  Riphean  deposits  they  form  dyke-and  sill-like  intrusive 
sheets  from  tens  of  metres  to  1  km  in  length  and  1-4  m  thick.  Contacts  of  bodies  with 
enclosing  rocks  are  charp,  melted  in,  with  zones  of  chilling  and  hornfels  formation.  In  the 
overlying  sfata  of  the  platform  mantle  they  are  represented  by  tuff  diatremes  of  the 
subisometric  form  from  70  to  300  m  across.  Contacts  of  tuff  with  enclosing  rocks  are  sharp 
with  small  apophysises  and  satellite  veins. 

The  discussed  formations  are  related  to  high-potassic,  moderately  alkaline, 
saturated  or  weakly  undersaturated  by  silicic  acid  high-alumina  basic  rocks  with  slighly 
higher  magnesium  content.  Moreover  they  are  characterized  by  equally  high  content  of 
uncoherent  and  refractory  elements  which  makes  them  different  from  chemically  close 
basaltoides.  According  to  petro-  and  geochemical  properties,  they  are  intermediate 
between  lamprophyres  and  lamproites  being  closer  to  the  latter.  This  fact  along  with  their 
uncommon  mineralogical  properties  make  it  possible  to  assign  them  to  lamproites-like 
rocks. 


The  mineral  composition  of  rocks  is  defined  by  various  quantitative  relations  of 
olivine  clinopyroxene,  sanidine,  phlogopite-biotite  and  other  minerals  contained  in  minor 
amounts:  chrome-shpinelides,  ilmenites,  titanomagnetite,  magnetite,  amphiboles, 
orthopyroxene,  garnets,  magnesian  and  zinc  spineles,  rutile,  sphene,  tourmaline,  gubnerite, 
lorenzenite  and  native  iron,  zinc  and  copper. 

Olivine  both  in  phenocrysts  and  microlites  in  their  groundmass  are  totally 
pseudomorpicly  substituted  by  serpentinite  and  talc.  Rare  relicts  of  olivine  have  10-12% 

Fa.  Clinopyroxenes  vary  in  a  wide  range  in  chemistry.  They  are  presented  by  chrome- 
diopsides,  subcalcic  chromous  augites,  subcalcic  salites,  fassaites  which  form  phenocrysts 
and  small  prismatic  segregations  in  a  groundmass;  later  aegirines  form  small  acicular 
crystals  in  vein  isolations.  Chrome-diopsides  are  characterized  by  very  low  contents  of 
AI2O3  and  Ti02  (0. 1-0.3%  and  0-0.1%  correspondingly)  with  higher  contents  of  CT2O3  (to 
1.3%)  and  Na2<5  (to  1%)  and  ferruginity  varying  in  the  range  from  10  to  12%.  Augites  (to 
6%  AI2O3)  have  ferruginity  close  to  that  of  chrome-diopsides  and  highest  contents  of 
CY2O3  (to  1.7%)  among  investigated  clinopyroxenes.  Salites  are  distinguished  from 
diopsides  and  augites  by  higher  ferruginity  (35-38%)  and  a  titanium  content  (to  1%  TiC>2), 
in  the  near  total  absence  of  chrome.  Fassaites  contain  to  7.5%  AI2O3  and  to  1%  ^203. 

Micas  in  the  lamproites-like  rocks  are  related  to  phlogopites  (20%  MgO), 
magnesian  (10-13%  MgO)  and  ferruginous  (5-6%  MgO)  biotites.  They  are  characterized  by 
moderate  to  high  contents  Ti02  (to  4.5%).  Most  magnesian  varieties  have  a  higher  CT2O3 
content  (to  0.5%).  Magnesian  biotites  are  significantly  enriched  in  barium  (to  5%  Bad). 
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Garnets  form  4  groups  in  composition:  pyropes  and  almandines,  andradites, 
grossulars,  spessartines.  Chrome-containing  piropes  (about  70%  Pyr  and  to  3%  Cr2C>3)  are 
related  to  a  Iherzolitic  paragenesis  and  pyrope-almandines  (30-40%  Pyr)  to  the  eclogitic 
one.  In  some  cases  andradites  contain  to  8%  TiC>2.  In  a  group  of  grossulars  of  particular 
interest  are  the  emerald-green  chrome-grossulars  (to  5%  ^263)  and  chrome-manganese 
grossulars  (to  6%  Cr203  and  17%  MnO).  They  can  be  typomorphic  for  given  rocks  and 
used  in  their  prospecting  due  to  their  rarity  in  nature.  Spessartines  contained  to  32%  MnO 
are  characterized  by  wide  variations  of  other  oxides  (to  30%  grossular  minal,  24%  pyrop 
minal  and  30%  almandine  minal). 

Chrome-shpinelides  which  quantitatively  dominated  ore  minerals  form  a 
continuous  series  from  alumochrome-magnesian  chrome-shpinelides,  subferrialumo- 
chromites,  subferrichrome-picotites  to  ferruginous  subalumochrome-magnetites  and 
titanoferrichromites.  Ilmenites  contain  above  4%  MnO  and  to  0.2%  0^03. 

Minerals  of  the  lamproites-like  rocks  are  present  in  the  composition  of  the  heavy 
fraction  diamond-bearing  alluvium  of  the  Birusa  river  and  its  tributaries.  The  comparative 
analysis  of  minerals  of  diamond-bearing  lamproites  from  the  region  and  lamproites-like 
rocks  together  with  petro-  and  geochemical  properties  of  the  latter  point  to  a  deep-seated 
level  of  their  generation  and  a  potential  diamond  content. 

This  work  was  supported  by  the  Russian  Foundation  for  Fundamental  Researches 
under  grant  93-05-9236. 
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UNUSUAL  DIAMONDS  AND  UNIQUE  INCLUSIONS  FROM  NEW  SOUTH  WALES, 
AUSTRALIA. 
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1.  Dept.  Earth  &  Atmos.  Sci.,  Purdue  University,  West  Lafayette,  IN  47907  USA. 

2.  Dept,  of  Geological  Sciences,  University  College  London,  Gower  St,  London,  WC1E  6BT 
England. 

3.  Division  of  Earth  Sciences,  The  Australian  Museum,  Sydney,  NSW,  Australia. 

Diamonds  occur  in  Tertiary  alluvial  stream  gravels  in  the  region  of  Inverell,  northern  New 
South  Wales,  particularly  in  the  areas  of  Bingara  and  Copeton.  Akin  to  the  occurrence  of  placer 
gold,  and  diamonds,  in  California,  the  alluvial  gravels  were  later  overlain  by  basaltic  flows  thus 
aiding  preservation  of  the  deposits.  However,  whereas  the  observation  of  diamonds  in  California 
was  more  of  scientific  interest,  the  diamonds  in  New  South  Wales  have  been  actively  mined  and  in 
excess  of  300,000  cts  have  been  recovered  since  1881.  The  primary  source  of  the  diamonds  is 
unknown. 

Soon  after  the  diamond  came  onto  the  commercial  market  their  difficulty  in  polishing  was 
noted  as  was  the  final  excellent  adamantine  luster.  The  reason  for  the  difficulty  in  polishing  is 
because  of  the  large  number  of  stones  which  display  "Naats"  or  "Knots".  These  are  areas  of 
twinning  which  occur  in  the  diamond,  and  may  or  may  not  be  continuous  throughout  the  stone. 
These  twin  defects  are  sometimes  seen  as  raised  notches  on  the  surface  of  the  diamond  and  are 
also  well  displayed  in  cathodo-luminenscence  photographs.  The  population  of  stones  with  these 
naats  is  fairly  high  (approximately  80%  out  of  over  70  stones  examined).  Why  they  should  be 
predominant  in  these  New  South  Wales  diamonds  in  uncertain  but  is  most  probably  the  result  of  a 
kinetic  chemical  growth  phenomenon. 

Another  common  feature  of  the  Copeton/Bingara  diamonds  is  that  they  sometimes  have 
irregular  pockmarked  surfaces.  It  is  likely  these  pits  are  due  to  either  the  mechanism  of  emplace¬ 
ment  of  the  diamonds  in  the  crust  or  to  some  later  absorption  effect.  The  suite  of  7 1  diamonds 
examined  range  is  size  from  0.06  to  0.65  cts,  and  are  predominantly  colorless,  to  pale  yellow 
(about  50%  of  each,  and  this  agrees  with  previous  reports).  Most  are  rounded  and  represent 
modified  rhombodecahedra;  octahedra  are  rare. 

Following  the  initial  work  of  Sobolev  et  al.  (1984)  a  detailed  study  of  the  micro  infrared 
spectra  (IR),  cathodo  luminescence  (CL),  nitrogen  aggregation  states,  carbon  and  nitrogen 
isotopes,  inclusion  chemistry  and  trace  element  contents  has  been  initiated.  Some  results  are 
reported  herein. 

Based  on  the  IR  absorption  characteristics  a  majority  of  diamonds  show  >50%  N  aggrega¬ 
tion,  some  with  Nitrogen  contents  in  excess  of  3000ppm.  The  colorless  diamonds  overall  have 
lower  N  contents  whereas  the  yellow  diamonds  have  the  higher  contents.  The  IR  absorption 
spectra  are  distinct  for.  different  types  of  N  aggregation  and  it  is  possible  to  determine  both  the 
total  N  content  and  %  of  aggregation  of  each  type  from  the  IR  data.  Since  aggregation  is  a  func¬ 
tion  of  residence  time  and  temperature  in  the  mantle,  if  one  variable  is  known  the  other  can  be 
calculated.  The  CL  study  demonstrated  that  the  most  diamonds  examined  showed  either  blue  or 
yellow  colors  with  very  little  structure,  or  some  with  mixed  colors  and  layering.  In  general  the 
lower  the  N  content  the  more  structure  was  displayed  in  CL.  The  difference  in  N  content  is  a 
function  of  the  environment  in  which  the  diamonds  grew.  The  initial  conclusion  is  that  there  are 
at  least  two  populations  of  diamond.  This  is  also  confirmed  from  the  temperatures  calculated 
from  the  IR  spectra.  Because  there  is  no  independent  age  known  for  the  Copeton/Bingara 
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diamonds  two  ages  were  used;  one  of  3  Ga  and  one  of  0.3  Ga.  Using  only  the  best  IR  data  the 
temperature  range  for  the  Low  N  is  1 157°C,  and  the  High  N  is  1040°C,  using  0.3  Ga  residence 
time.  Using  3.0  Ga  the  temperature  changes  about  -50°C 

One  of  the  unique  aspects  of  the  New  South  Wales  diamonds  is  the  carbon  isotopic 
signatures.  These  are  generally  positive  or  very  low  negative  values  for  A13C  compared  to  all 
other  worldwide  localities  for  diamond.  We  have  confirmed  these  results  by  micro  analysis, 
including  A15N  of  various  diamond  chips  from  Copeton/Bingara  (Fig  1). 

A  number  of  diamonds  were  polished  to  expose  inclusions  on  the  surface  of  diamond  and 
others  were  broken  to  extract  the  inclusions.  The  results  confirmed  those  of  Sobolev  et  al  (1984) 
except  that  an  eclogitic  inclusion,  comparable  with  ones  from  the  Finsch  Mine,  South  Africa,  was 
observed.  This  is  die  first  authenticated  occurrence  of  a  genuine  eclogitic  inclusion  in  the  Cope¬ 
ton/Bingara  suite.  The  other  inclusions  observed  and  analyzed  were  coesite,  clinopyroxene 
(almost  pure  diopside)  and  clinopyroxene  plus  coesite  (Table  A,  Figs  2  &  3).  Of  particular  inter¬ 
est  is  the  fact  that  no  ultramafic  nor  eclogitic  garnets  have  yet  been  observed,  nor  sulfides  and 
spinels. 


Table  A: 

Inclusions  in  Copeton/Bingara  Diamonds. 

CPX 

CPX 

COESITE 

Si02 

54.0 

Calc  Silicate 

55.6 

55.4 

Eclogite 

48.8 

100.35 

Ti02 

0.15 

0.06 

0.44 

0.32 

0.00 

A12Os 

2.45 

1.38 

3.52 

7.71 

0.00 

Cr203 

0.09 

0.04 

0.06 

0.00 

0.02 

FeO 

2.36 

0.21 

4.49 

10.8 

0.03 

MgO 

16.3 

18.3 

13.1 

16.2 

0.00 

CaO 

22.5 

24.1 

20.9 

12.3 

0.00 

MnO 

0.00 

0.00 

0.00 

0.29 

0.03 

NiO 

0.06 

0.00 

0.02 

0.04 

0.00 

Na20 

1.02 

0.56 

2.13 

1.14 

0.00 

K20 

0.07 

0.05 

0.25 

0.60 

0.00 

Totals 

99.01 

100.3 

100.3 

98.2 

100.4 
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Figure  1:  A13C 


values  for  diamonds  from  New  South  Wales  and  others  worldwide. 
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Figures  2  and  3:  Inclusions  in  diamonds  from  New  South  Wales  (Milledge,  1961;  Sobolev  et  al, 
1984;  This  study). 
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PREDICTION  OF  DISTRIBUTION  AND  DIAMOND  POTENTIAL  OF  KIMBERLITE 
PROVINCES,  FIELDS  AND  DIATREMES 

V.A.Milashev 

All-Russia  Research  Institute  for  Geology  and  Mineral  Resources  of  the  World 
Ocean  (VNISOkeangeologiya),  1,  Angliysky  Prospect,  190121,  St.Petersburg,  Russia 

1.  Prediction  of  kimberlite  provinces  is  based  on  known  regularities  in  their 
distribution  and  structure,  such  as  restriction  to  ancient  platforms,  position  relative 
to  boundaries  of  Gondwana  and  Laurasia  supercontinents,  and  internal  zonation. 

The  latter  is  demonstrated  in  the  presence  in  central  parts  of  the  provinces  of  the 
highest  pressure  kimberlites  of  diamond  subfacies  and  surrounding  volcanic  and 
plutonic  formations  of  ultrabasic  and  alkaline-ultrabasic  picrite-facies  rocks, 
whereas  less  barophilic  kimberlites  of  pyrope  subfacies  are  found  along  the  margins 
of  provinces.  Such  zoning  is  explained  by  formation  of  ultrabasic  and  carbonatite 
magma  at  final  stages  of  mantle  processes  whose  early  and  middle  stages 
generated  kimberlite  magmas.  Distribution  and  age  of  new  kimberlite  provinces  in  a 
region  can  be  predicted  with  sufficient  degree  of  reliability  from  spacing  and 
geological  datings  of  picrite-facies  magmatic  complexes  and  intermediate 
collectors  of  kimberlite-type  diamonds.  Based  on  these  conclusions,  we  have 
foreseen  the  location,  diamond  potential  and  ages  of  ten  kimberlite  provinces  in 
different  parts  of  the  world,  and  three  of  these  provinces  -  Central  Brazilian, 

Russian  and  Australian  -  have  already  been  discovered  in  1976,  1977  and  1978, 
respectively. 

2.  Boundaries  of  kimberlite  fields  have  commonly  been  arbitrarily  drawn  at  some 
distance  outside  the  limit  of  distribution  of  the  most  remote  of  known  diatremes. 
Such  boundaries  only  register  size  and  configuration  of  the  areas  with 
discovered  kimberlites  but  provide  no  independent  geological  information 
relevant  for  defining  the  natural  contours  of  kimberlite  fields,  structural 
boundaries  in  the  first  place.  A  more  efficient  approach  applies  structural  zoning 
of  kimberlite  provinces  based  on  data  on  megafracturing.  It  is  established  that 
manifestations  of  kimberlite  magmatism  are  associated  almost  exclusively  with 
crustal  blocks  showing  isotropic  orientation  of  fracturing.  Therefore  analysis  of 
megafracturing  allows  to  structurally  outline  the  kimberlite  fields  regardless  of 
the  amount  and  the  position  of  discovered  diatremes.  When  defined  for  all  the 
fields  of  the  Yakutsk  and  Russian  provinces,  such  boundaries  appear  to 
encompass  96%  of  pipes  and  dikes,  with  only  4%  of  the  bodies  located  outside 
these  boundaries  at  distances  not  exceeding  2.0  km.  Because  the  blocks  with 
isotropic  fracturing  which  are  really  prospective  for  discovery  of  new  kimberlite 
fields  usually  occupy  no  more  than  10%,  rarely  up  to  30%  of  the  total  investigated 
area,  implementation  of  remote  technologies  for  defining  such  blocks  allows  to 
significantly  reduce  the  costs  and  improve  the  efficiency  of  prospecting. 

3.  The  method  of  reconstruction  of  kimberlite-controlling  structural  dislocations 
is  used  to  predict  the  occurrence  of  yet  undetected  bodies.  It  allows  to  define  the 
sites  which  are  most  likely  to  contain  new  diatremes  within  the  limits  1.5  x  1.5  km, 
with  total  area  of  such  sites  in  each  field  not  exceeding  few  percent  of  its  territory. 

4.  In  any  kimberlite  field,  the  costs  of  discovery  of  every  new  pipe  steadily 
increase,  and  the  feasibility  of  further  prospecting  becomes  questionable. 
The  solution  may  be  provided  by  comparison  of  amount  of  kimberlite  pipes 
already  discovered  with  the  minimum  number  of  diatremes  calculated  for 
this  field  by  the  proposed  method. 
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5.  Upon  discovery  of  a  kimberlite  pipe,  the  content,  quality  and  reserves  of 
diamonds  are  usually  estimated  by  conventional  means,  which  include  extracting 
extremely  voluminous  (tens  of  tons)  rock  specimens,  their  enrichment  and 
subsequent  examination  of  the  concentrate.  Due  to  high  consumption  of  investment 
and  labour,  these  methods  are  in  most  cases  not  cost-effective  because  only  2%  of 
diatremes  contain  commercial  concentrations  of  diamonds.  Indirect  method  of 
evaluation  of  diamond  potential  of  a  kimberlite  pipe  is  economically  more  attractive 
since  it  allows  to  predict,  from  the  results  of  chemical  analyses  and  dimensions  of  a 
diatreme  at  the  surface,  the  reserves  of  diamonds  it  contains  (in  carats)  and  their 
gross  value  (in  rubles  or  dollars),  and  ultimately  to  assess,  with  sufficient 
confidence,  the  feasibility  of  large-scale  sampling  needed  for  final  determination  of 
the  content,  quality  and  amount  of  reserves  of  diamonds  in  the  deposit.  With  this 
method,  about  90%  of  kimberlite  bodies  appear  unworthy  for  commercial 
exploration,  and  verification  of  the  procedure  in  hundreds  of  kimberlite  pipes 
proved  its  100%  reliability. 

6.  The  initial  stage  of  prospecting  for  diamond  fields  in  the  frontier  regions 
commonly  involves  sampling  of  alluvial  deposits,  and  only  after  some  diamonds 
have  been  detected  the  search  for  bedrock  sources  begins.  As  a  rule, 
diamond-bearing  kimberlite  bodies  would,  indeed,  be  discovered  somewhere  in 
respective  drainage  systems,  but  none  of  them  with  concentration  of  diamonds 
sufficient  to  justify  the  p  ospecting  costs.  We  have  developed  the  method  allowing 
to  evaluate  the  diamond  potential  of  kimberlite-type  sources  by  photoluminiscent 
features,  morphology  and  average  weight  of  placer  diamonds.  Therefore  it  is 
possible  to  predict  the  maximum  diamond  concentrations  expected  in  yet 
undetected  bedrock  kimberlites  in  the  source  area,  and  to  assess  feasibility  of  their 
prospecting. 
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INTERNAL  MORPHOLOGY  OF  YAKUTIAN  DIAMONDS  -  A 
CATHODOLUMINESCENCE  AND  INFRARED  MAPPING  STUDY. 

HJ.Milledge(1),  G. P. Bulanova™ ,  W.  R.  Taylor31 '3),  P.A.Woods(1)  and  P. H.  Turned 
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Introduction. 

It  has  long  been  known  that  the  internal  morphology  of  diamonds  can  be  extremely 
complex.  It  can  be  revealed  in  whole  stones  to  a  limited  extent  by  birefringence  (BR)  or  UV 
photoluminescence  (PL),  and,  more  completely,  by  X-ray  topography  (XT),  or  directly  from  an 
examination  of  external  morphology  (EM),  especially  via  the  existence  of  ridges  on  resorbed 
dodecahedra  which  often  indicate  octahedral  zonation.  On  fractured,  cleaved,  sawn  or  polished 
surfaces,  fine  detail  can  be  revealed  by  chemical  etching  (CE)  -  sometimes  already  present  on 
natural  fractures  or  cleavages  -  or  by  cathodoluminescence  (CL),  but  this  information  does  not 
convey  any  quantitative  information  concerning  the  nature  of  the  individual  zones.  If,  however,  it 
can  be  combined  with  microspectroscopy,  especially  in  the  mid-infrared. region  (IR),  then  the 
presence  of  organic  species  (i.e.  those  involving  C,0,N,Hand  S)  can  be  detected  and,  to  some 
extent,  quantified,  and  can  be  related  to  C  and  N  isotope  data  and  inclusion  chemistry. 

Furthermore,  since  laboratory  experiments  have  provided  activation  energies  for  the  nitrogen 
aggregation  processes,  mantle  residence  times  and  temperatures  for  the  various  zones  can  be 
inferred  from  the  one-phonon  spectra. 

Practical  considerations. 

To  obtain  satisfactory  maps,  diamond  plates  approx.  0.5mm  in  thickness  are  preferred, 
because  this  gives  adequate  absorbance  in  the  two-phonon  region  at  1992cm'1  used  to  place  the 
other  absorption  features  on  an  absolute  scale,  while  at  the  same  time  ensuring  that  most  other 
absorption  features  will  not  be  too  strong  to  measure. 

Because  of  the  extremely  fine  scale  (  ~  10  microns)  of  some  individual  zones,  it  is  unrealistic 
to  make  complete  maps  of  specimens  measuring  even  5x5  sq.mm  at  a  resolution  certain  to 
record  all  the  existing  detail.  Even  intervals  of  100  microns  would  produce  2500  spectra  in  such  a 
case,  and  this  is  unrealistic.  There  is,  however,  a  more  important  problem  connected  with 
mapping,  and  that  is  the  fact  that  zones  often  lie  obliquely  across  the  polished  plate,  so  that  an  IR 
measurement  made  normal  to  the  plate  may  intercept  sections  of  two  or  more  zones,  in  which 
case  successive  measurements  will  suggest  a  gradual  transition  from  one  regime  to  another,  rather 
than  the  abrupt  change  which  actually  occurs.  In  our  experience,  CL  photographs  of  both  sides  of 
the  plate  provide  the  best  way  of  investigating  the  situation.  Ideally,  these  two  photographs 
should  be  mirror  images  of  one  another,  but  this  is  seldom  the  case,  and  means  that  quantitative 
data  concerning  individual  zones  can  only  be  obtained  from  certain  regions  of  the  map.  In  this 
connection  it  has  also  been  found  that  some  plates  contain  a  small  highly  aggregated  nucleus  from 
which  a  reliable  IR  spectrum  can  only  be  obtained  at  a  precise  x,y  location  derived  from  the  pair 
of  CL  photographs. 

The  basic  problem  involved  in  using  contour  maps  to  record  the  spatial  distribution  of 
spectral  information  is  that  a  contour  map  can  only  display  one  feature  at  a  time,  whereas  in  the 
case  of  diamond  it  is  the  relative  changes  among  a  number  of  features  which  contain  the  required 
information.  In  order  to  overcome  this  difficulty,  the  Mendelssohn  miniplot  (  Milledge  & 
Mendelssohn,  1988)  was  devised  to  show  the  l-,2-  and  3-phonon  regions  of  an  individual 
spectrum  superposed  in  a  plot  2.5cm  x  2.5cm  ,  with  8  plots  per  line.  Arrays  of  these  plots, 
taken  at  intervals  of  250  mu,  correspond  to  a  map  at  a  magnification  of  xlOO,  and  the  system  has 
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proved  so  useful  that  all  spectra  are  now  measured  with  an  associated  miniplot  for  record 
purposes.  Consideration  of  thousands  of  such  plots  has  led  to  improved  assessments  of  IR  data 
(Mendelssohn  &  Milledge  1995).  Although  major  features  of  the  spectrum  can  be  assessed  by 
inspection  from  miniplots,  hydrogen  or  platelet  or  carbonate  peaks,  which  are  often  very  weak, 
cannot,  and  it  is  here  that  the  contour  maps  have  been  found  to  be  especially  valuable  for 
showing  not  only  the  spatial  distribution  of  weak  peaks,  but  also  their  relations  to  one  another 
(Fig. 2a, b),  to  the  main  features  of  the  spectrum,  and  in  particular,  to  zoning  seen  in  CL 
photographs. 

This  specimen  belongs  to  the  suite  considered  by  Bulanova  et  al.  (1995),  and  is  one  of  twelve  for 
which  such  maps  have  been  obtained. 

In  order  to  obtain  time/temperature  information  of  geological  interest  from  IR  spectra,  contour 
maps  of  the  major  peaks  are  not  immediately  useful,  because  intensity  data  for  the  observed 
absorption  features  have  first  to  be  ratioed  in  various  ways.  This  is  now  conveniently  done  via 
PC  spreadsheets,  and  for  this  the  PC-based  OPUS/3D  software  used  to  obtain  the  maps  in  Fig. 2 
has  a  particularly  useful  option,  which  produces  "traces"  such  as  those  shown  in  Fig  la;  these  are 
the  consecutive  values  of  a  particular  feature  for  each  spectrum  in  a  map,  in  a  form  which  can  be 
transferred  directly  to  a  spreadsheet,  thus  saving  an  enormous  amount  of  time  and  effort  in  the 
final  interpretation  of  the  data. 

Bulanova, G.P.,  Milledge,  H.J.  and  Pavlova,  L.A.  1995.  6th  IKC  Abstracts  (this  volume) 
Mendelssohn, M.J.  and  Milledge,  H.J.  1995.  6th  IKC  Abstracts  (this  volume) 

Milledge, H.J.  and  Mendelssohn, M.J.  1988.  in  Creaser,C.S.  and  Davies,  A.M.C.  (eds.)  Analytical 
Applications  of  Spectroscopy.  Roy.  Soc.  Chem.,  London,  pp.  217-226. 


Fig.l.  Traces  (complete  data  for  successive  traverses)  for  the  absorptions  mapped  in  Fig. 2 
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absorption,  which  also  outlines  the  plate,  (b).  Platelet  peak  contours. 
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PROBLEMS  ASSOCIATED  WITH  THE  EXISTENCE  OF  CARBONADO. 


H.  J. Milled ge(1 ) ,  D.Shelkova) ,  C.T.Pillinger(2) ,  A.  Verchovsky(2)  and  R.  Hutchison(3) 

(1)  Dept,  of  Geological  Sciences,  University  College  London,  Gower  St,  London  WC1E  6BT,  U.K. 

(2)  Planetary  Sciences  Unit,  Dept,  of  Earth  Sciences,  The  Open  University,  Milton  Keynes  MK7  6AA  ,  U.K. 

(3)  Dept,  of  Mineralogy ,  Natural  History  Museum,  Cromwell  Road,  London  SW7  5BD,  U.K. 

Carbonado  is  a  form  of  polycrystalline  diamond  found  together  with  appreciable  quantities 
of  alluvial  diamonds  in  a  number  of  localities,  notably  in  Ubangi  in  the  Central  African 
Republic  and  in  Brazil,  where  primary  sources  have  not  yet  been  identified.  Individual 
specimens  can  be  very  large  (  —  3000  carats,  equivalent  to  the  Cullinan,  the  largest  known 
monocrystalline  diamond,  which  came  from  the  Premier  Mine),  and  is  valued  as  an 
abrasive  on  account  of  its  exceptional  hardness  and  resistance  to  brittle  fracture,  as  it  has 
no  cleavage  planes.  Kimberlite  pipes  do  contain  polycrystalline  diamond,  which 
frequently  incorporates  significant  quantities  of  impurities,  sometimes  making  the 
specimen  magnetic,  known  as  stewartite  (Williams  1932).  However,  no  specimen 
considered  to  be  carbonado  has  ever  been  found  in  volcanic  rocks  such  as  kimberlite, 
with  the  possible  exception  of  microcarbonados  recently  found  in  Kamchatka  (F.V. ' 
Kaminski,  private  communication). 

This  situation  raises  a  number  of  questions  of  interest  to  kimberlite  geologists.  Because 
carbonado  contains  a  significant  quantity  of  impurities,  these  can  be  analysed  by 
microprobe  techniques  in  order  to  provide  evidence  of  paragenesis  (e.g.  Meyer,  1987),  or 
to  indicate  formation  or  emplacement  ages  (e.g.  Richardson  et  al.  1990).  It  is  also 
possible  to  make  carbon  isotope  analyses,  which  usually  give  dnC  values  of  — 28% 
(Vinagradov  et  al.  1966),  indicating  crustal  rather  than  mantle  carbon  reservoirs.  Such 
analyses  led  to  the  suggestion  (Smith  and  Dawson,  1985)  that  carbonado  might  be 
associated  with  meteorite  impacts,  since  the  high  pressure/high  temperature  conditions 
deemed  necessary  for  diamond  formation  could  not  be  achieved  under  the  crustal 
conditions  which  were  indicated  by  the  inclusion  geochemistry.  However,  the  high 
porosity  of  carbonado  makes  the  value  of  geochemical  results  debatable. 

Although  an  association  with  meteorite  impacts  had  been  envisaged,  no  suitable  crater  had 
been  identified  until  a  possible  candidate  of  enormous  size  (800  km  in  diameter),  probably 
Precambrian,  was  located  in  Ubangi  (Girdler  et  al.  1992).  If  indeed  Precambrian,  this 
crater  could  account  for  Brazilian  as  well  as  Central  African  carbonado,  so  that  the 
possibility  of  a  meteorite-related  origin,  which  had  waned  in  view  of  RRE  determinations 
on  carbonado  (H.  Kagi  et  al.  1994),  needs  to  be  reassessed  (Shelkov  et  al.  1994). 

Four  approaches  to  this  problem  have  been  pursued. 

(1)  Many  unbroken  carbonados  exhibit  ablated  surfaces  strongly  reminiscent  of  tektites 
(Shelkov  et  al.,  loc.  cit.),  so  that  if  impacts  are  not  involved,  not  only  must  some  process 
capable  of  explaining  these  surface  textures  be  identified,  but  its  relation  to  the  diamonds 
found  together  with  carbonados  must  be  explained.  Shock  origin  of  fine-grained 
polycrystalline  diamond  is  certainly  possible  (e.g.  De  Carli,  1979),  but  the  question  at 
issue  is  whether  the  surface  was  produced  at  the  same  time  as  the  carbonado  itself,  or  by 
some  later  event.  Some  estimates  of  P/T  parameters  involving  plastic  deformation  in  the 
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shock-synthesis  of  diamond  composites  have  been  given  by  Novikov  et  al.  (1993)  and 
plastic  deformation  of  diamond  is  thought  to  be  possible  at  temperatures  as  low  as  900C; 
some  Australian  diamonds  show  surface  markings  which  resemble  scratches  made  in  a 
plastic  rather  than  in  a  brittle  material,  and  the  morphologies  of  some  diamonds  from 
the  same  localities  as  carbonado  will  be  discussed. 

(2)  The  magnetic  properties  of  carbonados  as  compared  with  those  of  polycrystalline 
diamond  aggregates  found  in  kimberlite  pipes  can  give  evidence  of  the  strength  of  the 
magnetic  field  in  which  the  specimens  cooled.  Such  investigations  have  been  made  for  a 
number  of  specimens.  (D.W.Collinson,  personal  communication). 

(3)  Comparison  of  infrared,  Raman  and  cathodoluminescence  spectra  and  X-ray 
diffraction  data  for  carbonado  with  results  for  diamond  known  to  have  been  formed  by 
impact  in  meteorite  craters  (Walter  et.  al.  1990,  Milledge  et  al.  1994)  can  be  used  to 
assess  the  probability  that  carbonado  has  an  impact-related  origin. 

(4)  New  measurements  of  carbon  and  nitrogen  isotopic  composition  have  been  made  for 
a  number  of  these  specimens  (Shelkov  et  al.  1995). 

Large  scale  meteorite  impacts  have  a  number  of  possible  consequences  for  structural 
geology  (Overbeck  et  al.  1993),  and  one  purpose  of  this  review  of  current  knowledge  is 
to  invite  exploration  geologists  to  consider  whether  any  of  these  are  relevant  to  any 
phenomena  which  they  may  encounter. 
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EPR -SPECTROSCOPY  OF  YAKUTIAN  DIAMONDS. 


Mineeva  R.M.,  Titkov  S.V.,  Marfunin  A.S.,  Speransky  A.V., 

Bershov  L.V. 

Institute  of  Geology  of  Ore  Deposits,  Petrography,  Mineralogy 
and  Geochemistry  of  RAS,  Staromonetny  35,  Moscow,  109017,  Russia 

80  diamond  crystals  from  Yakutian  kimberlite  province  have 
been  studied  by  EPR-spectroscopy .  The  crystals  represent 
different  morphological  and  color  types.  Paramagnetic  centers 
are  widely  distributed  in  Yakutian  diamonds.  There  are  nitrogen- 
related  centers  PI  (single  nitrogen  atom  in  carbon  position), 
N1,N4,W7  (two  nitrogens  of  different  configuration),  P2,W21 
(three  nitrogens),  as  well  as  N2  which. has  been  earlier  related 
to  dislocations.  Other  paramagnetic  centers  are  Ni-related 
(NE1,NE2,M1),  oxygen-related  (OKI),  and  dislocation-related 
centers  with  S=1  (A1,D1).  Most  abundant  and  of  highest 
concentrations  centers  are  P1,P2,N2.  Maximum  spin  concentrations 
are  1017  spin/g  in  PI,  1018  spin/g  in  P2,  1018  spin/g  in  N2. 
Other  centers  are  observed  (with  standard  registration  and  at 
room  temperature)  only  when  one  of  the  three  principal  centers 
exists . 

The  investigated  diamonds  can  be  divided  into  5  groups : 
with  principal  PI  center,  with  principal  P2  center,  with 
principal  N2  center,  with  several  centers  in  comparable 
concentrations  and  without  detectable  centers.  But  in  each  of 
the  group,  specific  complementary  centers  are  present. 
Characteristic  association  of  centers  are  observed  in  different 
crystals . 

EPR-classif ication  of  diamonds  may  be  used  in  attestation 
diamonds  for  different  applications  in  electronics  and 
techniques  as  well  as  in  reconstruction  of  geological  conditions 
of  diamond  crystallization. 
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COMPOSITIONAL  VARIATION  OF  MICAS  IN  KIMBERLITES ,  QRANGEITES, 
LAMPROITES  AND  LAMPROPHYRES 

Mitchell,  Roger  H. 

Department  of  Geology,  Lakehead  University,  Thunder  Bay,  Ontario, 
Canada  P7B  5E1 

The  compositions  of  micas  in  alkaline  rocks  are  sensitive 
indicators  of  parental  magma  type.  Micas  in  diverse  diamond-bearing 
and  diamond-free  alkaline  rocks  follow  distinct  evolutionary  trends 
of  composition  that  may  be  of  use  in  distinguishing  between  these 
rock  types.  Compositional  trends  are  best  determined  from 
groundmass  micas  as  early-forming  macrocrysts  or  phenocrysts  in 
most  of  these  rock  types  do  not  differ  significantly  in  their  major 
element  compositions. 

KIMBERLITES 

Kimberlites  show  two  mica  evolutionary  trends.  The  dominant 
and  characteristic  one  being  of  A1  and  Ba  enrichment.  Micas 
belonging  to  this  trend  evolve  from  phlogopite  towards  aluminous 
phlogopites  which  are  commonly  enriched  in  Ba.  Late  stage 
poikilitic  micas  are  colorless,  complexly  zoned  members  of  the 
phogopite  -  kinoshitalite  [BaMg3Al2Si2O10 (OH) 2]  series.  Late  stage 
Ba-rich  micas  are  commonly  depleted  in  FeOT  relative  to  unevolved 
micas.  Ti02  contents  are  low  (<4  wt.%)  and  do  not  show  any 

systematic  trends.  The  high  Ti02  (>5  wt.%),  Ba-rich  pink-colored 
micas  characteristic  of  leucitites  and  melilitoids  are  absent. 

A  second  less  common,  evolutionary  trend  is  towards  TiO?-poor 
tetraferriphlogopite.  This  forms  as  thin  mantles  upon  pre-existing 
Al-rich  phlogopites.  Tetraferriphlogopite  formation  is  related  to 
late  stage  groundwater  influx  and/or  degassing  processes?  it  does 
not  occur  in  all  facies  of  a  given  kimberlite  and  has  not  occurred 
in  most  archetypal  kimberlites.  Examples  are  known  from  Antochka 
(Guinea) ,  Orroroo  (Australia)  and  Koidu  (Sierre  Leone) . 

ORANGE ITES 

Micas  in  orangeites  (a.k.a.  group  II  kimberlites)  form  a 
complex  hybrid  transported  assemblage.  Complex  mantling  and  zoning 
demonstrate  that  the  microphenocrystal/macrocrystal  assemblage  has 
been  derived  by  the  mixing  of  micas  derived  from  many  batches  of 
compositionally  similar  magmas.  Subsequent  to  mixing  and 
emplacement,  each  batch  of  crystal-laden  magma  underwent 
crystallization  in  a  particular  P-T-oxygen  fuagacity  regime. 
Differences  in  these  intensive  parameters  result  in  different 
compositional  trends  developing  in  the  groundmass  micas.  Two 
principal  trends  are  evident:  (1)  a  tetraferriphlogopite  trend, 
characterized  by  extreme  Al-depletion  coupled  with  Fe  enrichment  at 
relatively  constant  Mg  contents.  Ti  may  decrease  slightly  or  remain 
constant  but  is  always  low;  (2)  a  biotite  trend,  characterized  by 
Fe-enrichment  and  Mg-depletion  accompanied  by  moderate  A1 
depletion.  Ti  may  increase  or  decrease  slightly.  Groundmass  micas 
following  the  biotite  trend  may  be  more  common  in  occurrences  which 
differentiate  to  felsic  residua,  i.e.  Postmasburg,  Voorspoed. 
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Ti-rich  and  Ba-rich  micas  are  not  present.  Mica  solid  solutions  are 
primarily  between  phlogopite,  annite  and  tetraferriphlogopite .  Only 
micas  from  Sover  North  and  Besterskraal  exhibit  solid  solution 
towards  Ti-octahedral  site  deficient  phlogopite. 

LAM PRO I TES 

Groundmass  mica  compositions  fall  between  two  extreme 
evolutionary  trends.  One  is  a  slight-to-moderate  Al-depletion 
coupled  with  increasing  Ti  and  Fe  and  decreasing  Mg,  i.e.  a  trend 
reflecting  Fe2+  increase  and  representing  evolution  from  titanian 
phlogopite  towards  titanian  biotite.  The  other  is  a  trend  of  strong 
Al-depletion  associated  with  increasing  Ti  and  Fe  at  essentially 
constant  Mg,  i.e.  a  trend  reflecting  increasing  Fe3+  and 
representing  evolution  from  titanian  phlogopite  towards  titanian 
tetraferriphlogopite.  The  compositional  trend  exhibited  by  mica  in 
any  given  lamproite  may  lie  anywhere  between  these  two  extremes  and 
reflect  the  local  post-emplacement  crystallization  environment  with 
respect  to  redox  conditions,  water  content  and  cooling  conditions. 
Other  characteristic  features  include  high  F  (1-7  wt.%)  and  Na2Q 
(0.5  -  1.8  wt.%)  contents.  Lamproite  micas  are  typically  enriched 
in  Ti02  (1-12  wt.%)  relative  to  orangeite  micas  and  compositions 
evolve  towards  increasing  Ti  contents.  However,  some  sanidine  and 
richterite-bearing  orangeites  contain  micas  which  have  similar 
compositions  and  evolutionary  trends  to  lamproite  micas. 

MINETTES  AND  ULTRAMAFIC  LAMPROPHYRES 

Micas  in  minettes  form  a  complex,  mantled  continuously  or 
reversly-zoned  assemblage  of  phenocrysts  which  may  be  mantled  by 
micas  identical  in  composition  to  those  occurring  in  the 
groundmass.  The  characteristic  evolutionary  trend  is  one  of 
increasing  Fe  with  slightly  increasing  or  constant  A1 .  Ti  contents 
may  increase  or  decrease  slightly  with  respect  to  Al.  Many  minette 
micas  are  aluminous  and  do  not  exhibit  any  tetrahedral  site 
deficiency.  The  presense  of  A1V1  indicates  solid  solutions  from  Al 
phlogopite  towards  the  ,,eastonite"-siderophyllite  series.  Minette 
micas  are  always  Al-rich  relative  to  orangeite  and  lamproite  micas 
of  eguivalent  Fe-content. 

Micas  in  ultramafic  lamprophyres  show  an  extremely  wide  range 
in  composition  as  a  consequence  of  their  derivation  from  a  number 
of  distinct  magma  types.  Micas  in  ultramafic  lamprophyres  belonging 
to  the  alnoite-polzenite  suite  are  typical ly-rich  in  Al  and  evolve 
fom  phlogopite  towards  the  "eastonite"-siderophyllite  series,  a 
trend  identical  with  that  found  in  minettes.  Some  occurrences 
contain  Ba  rich  mica,  i.e  Polzen,  Haystack  Butte.  These  micas  may 
be  distinguished  from  Ba-rich  micas  in  kimberlites  on  the  basis  of 
their  evolutionary  trends  towards  increasing  Ti  and  Fe. 

Figures  1-2  illustrate  some  typical  examples  of  the  trends 
of  compositional  variation  exhibited  by  micas  from  diverse  rock 
types.  Figures  1-2  may  be  used  as  an  aid  to  the  identification  of 
the  parent  magma  of  mica  in  a  particular  rock  sample,  although 
final  classsif ication  should  not  be  based  on  these  data  alone. 
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GEOCHEMICAL  AND  MORPHOLOGICAL  EVALUATION  OF  INDICATOR 
MINERAL  ANOMALIES  IN  NORTHEASTERN  UTAH  AND  SOUTHWESTERN 
WYOMING,  USA 

W.  P.  Nash1,  T.  E.  McCandless2’3 

1.  Department  of  Geology  and  Geophysics,  University  of  Utah,  Salt  Lake  City,  Utah 
841 10  USA 

2.  Department  of  Geological  Sciences,  University  of  Cape  Town,  Cape  Town,  South 
Africa 

3.  Present  address:  Department  of  Geosciences,  University  of  Arizona,  Tucson,  Arizona 
USA  85721 

Minerals  of  upper  mantle  origin  occur  in  conglomerates,  pediments  and  on 
antmounds  in  the  southern  Green  River  Basin.  Chrome-bearing  pyrope,  pyrope - 
almandine,  diopside,  spinel  and  pircoilmenite  6  mm  in  size  are  found  on  antmounds  with 
similar  minerals  as  large  as  12  mm  in  diameter  in  the  Bishop  Conglomerate.  These 
minerals  are  part  of  the  kimberlite  indicator  mineral  suite,  because  their  presence  in 
secondary  environments  commonly  indicates  a  nearby  kimberlitic  source  (Gurney  et  al., 
1993). 


The  Green  River  Basin  is  a  broad  structural  depression  located  in  southwestern 
Wyoming,  filled  with  Tertiary  lacustrine  and  fluvial  deposits.  The  Uinta  Mountains  in 
Utah  form  the  southern  boundary,  and  are  an  east- west  anticline  with  tilted  Paleozoic  and 
Mesozoic  rocks  flanking  a  core  of  flat-lying  Proterozoic  (1. 6-0.9  Ga)  metasediments  and 
Archean  (2.7  Ga)  gneisses.  A  rancher  in  the  area  found  ‘rubies’  on  anthills  in  the  southern 
Green  River  Basin  that  were  later  identified  as  pyrope  garnet  and  chrome  diopside 
(McCandless;  1982).  Extensive  sampling  established  that  the  minerals  are  eroded  from 
the  29  Myr.  old  Bishop  Conglomerate,  which  is  in  turn  derived  from  Uinta  Mountains. 
Indicator-bearing  streams  were  subsequently  located  in  the  Uinta  Mountains. 

The  garnets  fit  into  group  9  of  Dawson  and  Stephens  (1975),  consisting  of  garnets 
from  kimberlite  and  from  garnet-bearing  Iherzolite,  websterite,  and  harzburgite,  and  into 
group  3  or  6,  derived  from  eclogites  (Dawson  and  Stephens,  1975).  Chrome  diopsides 
and  omphacitic  diopsides  correspond  to  Iherzolite  and  websterite  (Dawson  and  Smith, 
1977;  Emeleus  and  Andrews,  1975;  Nixon  and  Boyd,  1973),  and  salitic  diopsides  are 
similar  to  pyroxenes  from  mica-amphibole-rutile-ilmenite-diopside  (MARID)  suite 
xenoliths  (Waters,  1987),  or  to  clinopyroxene  megacrysts  from  the  Hatcher  Mesa 
lamproite  in  the  Leucite  Hills,  Wyoming  (Barton  and  van  Bergren,  1981;  McCandless, 
unpublished  data).  This  latter  grouping  is  not  reported  from  kimberlite,  and  may  represent 
a  new  indicator  mineral  in  the  exploration  for  lamproites  (McCandless  and  Nash,  1995). 

None  of  the  pyropes  from  the  Green  River  Basin  or  Uinta  Mountains  have  G10 
chemistry.  Elevated  levels  of  Na-20  in  eclogitic  garnet  (>0.07%)  indicative  of  diamond¬ 
bearing  eclogite  (Sobolev,  1974;  McCandless  and  Gurney,  1988),  were  not  detected  in 
the  eclogitic  garnets,  and  preclude  an  eclogitic  diamond  potential.  None  of  the  chromites 
from  this  study  have  MgO  and  0*203  similar  to  those  from  diamond  inclusions.  A  few 
ilmenites  with  moderate  O2O3  and  MgO  represent  less  than  ten  percent  of  all  ilmenites 
analyzed  and  lie  outside  the  area  for  ilmenites  associated  with  diamondiferous  diatremes. 
Finally,  the  estimated  temperatures  for  gamet/clinopyroxene  intergrowths  are  well 
outside  the  diamond  stability  field  (40-80  km)  and  indicate  that  the  potential  for 
diamonds  in  the  host  rocks  of  these  minerals  is  very  low  (McCandless  and  Nash,  1995). 
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Evaluating  the  diamond  potential  of  detrital  minerals  has  built  into  it  the 
assumption  that  the  detrital  suite  is  representative  of  the  primary  host  rock  from  which  it 
is  derived.  This  assumption  is  confirmed  with  some  certainty  in  areas  of  continental 
glaciation  (Krajick,  1994;  Gurney,  1995)  and  in  arid  areas  where  movement  of  indicators 
has  not  been  far  from  the  igneous  host  (Gurney  et  al.,  1993)  The  assumption  remains  to 
be  tested  in  areas  where  temperate  climate  and  multiple  cycles  of  fluvial  transport 
dominate,  such  as  in  the  Green  River  Basin.  Therefore,  an  igneous  host  must  be  located 
and  tested  for  diamond  cogenetic  minerals  before  it  can  be  established  with  certainty  that 
diamonds  are  not  present  in  the  Green  River  Basin. 

The  Bishop  Conglomerate  is  poorly-sorted,  with  boulders  several  meters  in 
diameter  in  the  coarser  layers.  Indicator  minerals  are  in  both  the  coarse  and  fine  layers  of 
the  conglomerate,  with  diopside  up  to  12  mm  in  diameter  in  the  coarser  layers.  The 
Bishop  Conglomerate  can  contain  over  50%  clay-sized  particles,  which  has  been  shown 
experimentally  to  inhibit  mineral  wear  in  high  energy  fluvial  systems  (McCandless, 

1990).  Thus,  the  occurrence  of  12  mm  diameter  omphacitic  diopside  in  the  Bishop 
Conglomerate  does  not  necessarily  infer  a  short  transport  distance. 

Peridotite  and  lamproite  occur  in  the  western  Uintas,  with  ages  from  1 1.7  to  40.4 
Myr.  (Best  et  al.,  1968;  Best,  pers.  commun.  1987),  and  could  have  shed  detrital  minerals 
into  the  Green  River  Basin  during  the  late  Oligocene  or  early  Miocene  when  transport 
directions  in  this  area  were  to  the  northeast.  However,  indicator  minerals  have  not  been 
recovered  from  these  localities.  Indicator  minerals  were  not  recovered  in  the  Uintas 
upstream  of  the  Bishop  Conglomerate  occurrences,  despite  concentrated  sampling  in  this 
region.  A  continuous  mineral  train  may  have  been  severed  by  the  east  flowing  Henrys 
Fork  River,  which  established  its  course  in  the  late  Pliocene.  Locating  source  rocks  in  the 
immediate  vicinity  of  the  Uinta  anomalies  is  also  complicated  by  extensive  glaciation  of 
the  western  and  central  Uinta  Mountains  in  the  Pleistocene,  which  may  have  eroded 
sources  such  that  only  a  few  minerals  are  shed  into  streams. 

A  final  complication  in  the  search  for  the  igneous  host  of  Green  River  Basin 
minerals  is  the  Great  Diamond  Hoax  of  1872.  In  1871  and  1872,  an  area  in  the  northeast 
Uinta  Mountains  was  salted  with  diamonds  and  assorted  gemstones.  The  fraud  was 
subsequently  exposed  by  government  geologists,  spurred  on  by  the  finding  of  a  partly 
faceted  diamond  in  the  area.  Diamonds,  ruby,  and  pyrope  garnet  can  be  found  on  the 
surface  of  a  sandstone  outcrop  below  ‘Diamond  Peak’,  which  is  capped  by  the  Bishop 
Conglomerate  containing  indicator  minerals.  Salting  with  rubies  in  the  original  hoax  is 
documented  in  history,  as  is  the  purchase  of  50  lbs.  of  pyrope  garnet  from  native 
Americans  in  northeastern  Arizona.  Samples  collected  from  antmounds  in  the  hoax  area 
produced  two  diamonds  and  several  rubies  and  garnets,  but  no  clinopyroxenes  were 
recovered.  In  contrast,  the  Bishop  Conglomerate  at  Diamond  Peak  contains  chrome  and 
omphacitic  diopsides,  but  no  garnets  were  recovered.  This  provides  some  evidence  that 
the  area  was  the  hoax  locality  and  not  a  natural  occurrence  of  detrital  diamond.  Until  a 
bona  fide  igneous  host  can  be  located,  this  unusual  association  should  not  be  totally 
dismissed. 
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ECLOGITES  IN  THE  MANTLES  T,  P  AND  F  EQUILIBRIUM  CONDITIONS 
AND  DEPTHS  OF  FORMATION . 

Nikitina?*, L.P. ,  Ivanov1,^. V. ,  Sokolov1,  Yu.M.  , 

Khiltova1, E. Yu. ,  Simakov  ,S.K. 

1.  Institute  of  Precambrian  Geology  and  Geochronology  of 
Russian  Academy  of  Sciences;  Makarova  nab * 2 ,  St . Petersburg , 
199034 ,  Russia. 

2.  Russian  Geological  Research  Institute;  Sredniy  prosp.74 
St . Petersburg ,  199026,  Russia 

Knowledge  of  the  temperature,  pressure  and  oxygen  fuga- 
city  equilibrium  conditions,  under  which  eclogites  are  formed 
in  the  mantle  is  required  to  solve  the  problem  of  their 
origin.  The  semi-empirical  garnet-clinopyroxene  thermobaro¬ 
meter  (Nikitina  &  Simakov,  1994)  were  used  to  determine  P-T 
formation  conditions  of  eclogitic  inclusions  in  diamonds  and 
eclogite  xenoliths  from  kimberlite  and  lamproite  pipes.  This 
thermobarometer  allows  to  evaluate  P-T  equilibrium  conditions 
of  garnet-clinopyroxene  assemblages,  including  those  with 
high  Na  and  A1  content  in  clinopyroxenes  over  a  wide  range: 
25^P^70kbar  and  650^T^1700°C.  The  presence  of  Fe+  in 
eclogite  garnets  permit  using  the  garnet-clinopyroxene  assem¬ 
blage  to  calculate  oxygen  fugacity  at  fixed  T  and  P  by 
garnet-clinopyroxene  oxygen  barometer  (Simakov,  1993) . 

The  data  available  on  mineral  compositions  of  eclogitic 
inclusions  in  diamonds  and  eclogite  xenoliths  from  kimberlite 
and  lamproite  pipes  of  Africa,  Australia  and  East  Siberia, 
published  by  B.  Harte,  C.  Hatton,  W.  Griffin,  J.  Gurney,  A. 
Jaques,  M.  Lapp in,  J.  Mac  Gregor,  H,  Meyer,  R.  Moore,  M, 

0 f Kara ,  M.  Otter,  M.  Prinz,  R.  Rickard,  S.  Shee,  H.  Tsai,  N 
Sobolev  and  their  coauthors  also  in  "Physics  and  Chemistry  of 
the  Earth",  vol.  9  (1975),  Proceedings  of  the  Second  (1979) 
and  the  Fourth  (1989)  International  Kimberlite  Conferences 
and  articles  (  Sobolev,  1977;  Sobolev  et  al. ,  1989;  1991; 

Shee  et  al.,  1982;  Hills  &  Haggerty,  1989;  Ukhanov  et 
al. , 1989;  Specius  et  al.,  1992.)  were  analyzed. 

P,  T  and  oxygen  fugacity  estimations  obtained  (Fig. 1-4) 
permit  to  draw  some  important  conclusions  concerning  condi¬ 
tions  and  depths  of  eclogite  formation  in  the  mantle. 

Eclogite  crystallization  in  the  mantle  occurs  from  50-60  to 
2 2 0-2 3 0km.  Eclogite  observed  as  inclusions  in  diamonds 
correspond  to  the  deepest  level  (over  150-lS0km) .  They  were 
crystallized  at  the  highest  pressures  (over  40-45kbar)  and 
temperatures  (over  1200°C) .  Eclogitic  inclusions  in  diamonds 
from  Australian  lamproites  were  formed  under  pressures 
exceeding  4g-45  kbar ,  but  at  slightly  lower  temperatures 
(below  1200°C) ,  than  eclogitic  inclusions  in  diamonds  from 
kimberlites.  Diamond-bearing  eclogites  and  most  of  diamond- 
free  eclogites  from  diamond! ferous  pipes  refer  to  the  middle 
level.  These  eclogites  were  formed  at  pressures  from  35-40  to 
55-60kbar  and  temperatures  800-1000°C.  Diamond-free  eclogites 
were  crystallized  predominantly  at  depth  from  50-60  to  130- 
140  km  (upper  level) ,  at  pressures  from  15-20  to  30-35  kbar 
and  temperatures  from  650-700  to  900-950°C. 
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Fig.l.  Pressure-temperature  plot  for  eclogitic 
inclusions  in  diamonds  (*)  ,  and  eclogite  xenoliths  with 
diamond  (A)  from  kimberlite  pipes.  The  diamond-graphite 
transition  after  Bundy  et  al.  (1961). 

Fig. 2.  Pressure-temperature  plot  for  eclogitic 
inclusion  in  diamonds  (*,  the  kimberlite  pipes  Monastery, 
Premier,  Kof f iefontain) ,  diamond-bearing  (A)  and  diamond-free 
(o)  eclogite  xenoliths  (the  pipes  Roberts  Victor, 
Jagersfontain,  Bobbijaan,  Wesselton,  and  Orapa)  and 
diamond-free  eclogite  xenoliths  from  Lesotho  pipes  (•) . 
Pollack  &  Chapman  1977  -continental  geotherm  for  conductive 
heat  transfer  with  surface  heat  flows  of  40mW/m  ;  Harte  1978 
-  convection-related  sheld  geotherm. 

Fig. 3  Pressure-temperature  plot  for  eclogites  from  the 
East  Siberian  kimberlite  pipes:  diamond-free  eclogites  from 
the  pipe  Obnazhennaya  (•) .  eclogitic  inclusions  in  diamonds 
(*) ,  diamond-  bearing  (A)  and  diamond-free  (o)  eclogite 
xenoliths  from  the  Udachnaya  and  Mir  pipes. 

Fig. 4.  Pressure-temperature  plot  for  eclogite  xenoliths 
from  the  Koidu  kimberlite  complex.  Sierra  Leone.  Eclogites: 
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low-MgO  (•) ,high-MgO  low-MgO  eclogites  with  diamond  (□)  , 

diamond+graphite  (x) ,  and  graphite  only  ($) . 

Eclogites  of  the  low  and  middle  levels  were  found  in  the 
kimberlite  pipes  from  the  central  parts  of  the  ancient 
cratons  (the  Kaapvaal  craton  and  the  East  Siberian  platform) . 
Eclogites  of  the  upper  level  were  discovered  in  kimberlite 
pipes  from  marginal  portions  of  these  structures  and  in  pipes 
from  the  Koidu  kimberlite  complex,  located  in  the  marginal 
part  of  the  Man  Shield,  West  African  Craton,  as  well.  Fluid 
compositions  of  diamond  eclogite  inclusions,  diamond-  bearing 
and  diamond-free  eclogites  are  different.  Average  composition 
of  the  first  and  second  ones  lie  on  the  water  line  of  the 
C-O-H  diagram,  whereas  the  third  one  is  shifted  to  the  more 
reduction  area,  and  his  main  component  is  CH4 . 

Depths  of  formation  for  the  majority  of  the  eclogitic 
inclusions  in  diamonds  from  kimberlite  pipes  coincide  with 
formation  depths  of  sheared  garnet  lherzolite  xenoliths  from 
the  same  pipes  (Nikitina,  1994) .  We  can  suggest,  that  these 
eclogites  are  derived  from  upper  part  of  the  asthenosphere 
beneath  the  ancient  cratons  (Boyd,  1973  ) .  Then  middle  level 
eclogites,  diamondiferous  predominantly,  correspond  likely  to 
the  lowest  part  of  the  lithosphere  and  the  uppermost  portion 
of  the  asthenosphere.  This  assignment  is  in  agreement  with 
the  model  of  Basu  et.al.,  (1986)  about  an  origin  of  Roberts 
Victor  eclogites,  which  fall  into  the  middle  level. 
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THE  STAGES  OP  THE  NATIVE  DIAMOND  DEPOSITS  FORMATION 
(SIBERIAN  PLATFORM) 

V.I. Nikulin, 1  G.S.Von-der-Flaas, 1  M.I.Lelyukh2 

’  -  East  Siberian  Geol  Geopbys  &  Mine  Institute,  Irkutsk, 

Russia 

2 

-  Joint-stock  company  Diamond  of  Russia-Sakha,  Mirniy, 

Russia 

The  preposed  scheme  of  diamond- bearing  rocks  formation  and 
intrusion  takes  into  account  the  next: 

-  the  ancient  age,  heterogenity ,  polychronity ,  high-pressure 
condition  and  safely  conditions  of  the  coarse- crystal line 
diamond ; 

-  depletenity  of  the  maternal  lithosphere,  propinquity  to'  garnet- 
peridotite  and  eclogite; 

-  high  fluid-saturation,  low  viscosity,  compressity  and  solidus- 
liquidus  parametres  of  magma,  that  diamond- containing  xenoliths 
carry  out; 

-  ability  of  the  lamprophyric  magmas  for  separation  from  sub¬ 
stratum  in  1  %  -melting  condition; 

-  turbulent  conditions  of  diamond  lifting  in  aggressive  environ¬ 
ment  ; 

-  the  conditions  of  the  eclogitic  barrier  overcoming,  ’’avoid11 
the  Sobolev’s  rule,  overcritical  thermodinamical  gradients; 

-  chain  chemical  reaction  of  retrograde  boiling  effects  and 
hydration-dehydration  processes; 

-  natural  diamond  concentration  million-repeted  decrease  in  com¬ 
parison  with  its  concentration  in  productive  deep  xenoliths; 

-  mechanisms  of  block  movements,  taking  into  account  sphericity 

* 

of  the  Earth  and  deep  spreading  conditions. 

Modelles  are  based  on  measure able  prognostication  criterions, 
S.Teilor  and  S.MacLennon ' s  constructions,  concerning  the  conti¬ 
nental  crust  sedimentary  chronicle,  on  the  modern  presentations 
about  tectonosphere,  summarised  facts  in  structure  of  the  Sibe«* 
rian  platform  and  concrete  diamond-bearing  diatremes  of  the  West 
Yakutia.  The  adduced  schemes  are  static.  They  illustrate  the 
structural  and  substantial  evolution  of  diamond- containing  sub- 
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stratum  in  the  main  periods  of  modern  lithosphere  formation  on 
the  ancient  platforms. 

Pig.  1.  Stage  1  -  diamond-f arming. 
The  tectonosphere  conditions  are  in 
the  stage  of  gray-gneissic  crust 
consolidation  and  diamond  fomation. 

Asthenosphere  surfaces:  1  -  in  AH 
“beginning,  2  -  in  AR^  the  end. 


The  basite  -  granodiorite  crust 
(grey  gneiss) 

The  non -diamond-  J 
-bearing  Cfy 

mantle  I  f 


1 


100 


graphite 


d  tarnond  |— 

The  diamond  -  heari ng  I  .f°>\ 

, .  y  \Ni,  Kj 
mantle  \CrJ 
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Pig.2.  Stage  2  -  protokimberiitic. 

It 1 s  the  AR, -lithosphere  breaking, 
new  growth  of  the  crust  in  green¬ 
stone  belts,  fluidisation,  diamond- 
containing  substratum  protrusions 
a  -  mechanics  of  the  evstatic  splits 
and  listric  faults  formation; 
b  -  the  origin  of  the  green-stone 
belts,  that  are  by  eclogite  and  peri- 
dotite  protrusions  breaking; 


c  -  the  sediment ary-met amorphic  layer  formation; 
d  -  the  prot op lat formic  stabilisation. 


1 

2 

tf  I 

The  depleted 
upper  mantle 


The  asthenosphere 


1  -  the  green-stones  troughs;  2  -  the 
protokimberiitic  allochton;  3  -  the 
crust-forming  mantle  fluid  flow.  PTZ  ■ 
the  primaxy  transitional  crust-mantle 
zone;  TZ  -  transitional  crust-mantle 


zone;  HOP  -  the  hydration-dehydration-f luidisation  zone. 
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Pig#  3#  Stage  3  -  diatremefor- 
ming  ( or e-magma t ic ) 


a  -  correlation  West  Yakutian  diamond  province (WYDP)  and  Vilyu- 
ian  asthenolens  (VA);  b  -  the  lithosphere  condition  on  the  kinn 
berlitef orming  stage.  1  -  the  known  kimberlitic  fields;  2  -  the 
reservoirs  of  magma  selective  smelting  from  coes it- containing 
rocks;  3  -  hot  non-depleted  mantle  substratum;  4  -  the  basitic 
magma  reservoirs  on  the  bef ore-kimberlitic  stage.  AM  -Anabar 
massive. 


H,km  WYDP  VS 


1  -  mosaic  field  of  protokimberlitic  substrate  with  coesitic 
eclogite  lenses  and  kimberlitic  palaeoreservoir ;  2  -  hardened 
asthenospheric  substratum  with  eclogised  palaeoreservoir;  3  -  the 
asthenolens  surface;  4  -  the  overreservoir  highly  conductivity 
zones;  5  -  seismic  anomaly.  VS  -  Vilyuian  syneclise. 
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KIMBERLITES,  FLUIDS,  AND  DIAMONDS:  ACTIVITY  RELATIONS 
IN  THE  SYSTEM  Mg-Ca-Al-K-C-O-H 

Norton,  D.1*,  McCandless,  T.E.1 

1.  Department  of  Geosciences,  University  of  Arizona,  Tucson,  Arizona  85721  USA 
*  School  of  Thought,  P.O.  Box  367,  Stanley,  Idaho 

Textural  and  chemical  features  of  kimberlite  and  diamond  genesis  focus  on 
magmatic  conditions  (Wylie,  1980;  Eggler;  1974).  However,  the  existence  of  a  significant 
aquaeous  fluid  component  in  the  mantle  has  been  recognised  (Ryabchikov  and  Boettcher, 
1980;  Schneider  and  Eggler,  1986;  Taylor  and  Green,  1988;  Clement  et  al.,  1991).  H2O- 
rich  fluid  inclusions  in  diamonds  are  the  most  spectacular  physical  evidence,  and  suggest 
that  at  least  some  diamond  growth  in  the  presence  of  an  H20-bearing  aquaeous  phase,  as 
opposed  to  crystallization  strictly  from  a  magma  (Navon  et  al.,  1989;  Turner  et  al.,  1990; 
Schrauder  and  Navon,  1993, 1994).  One  means  of  representing  the  equilibrium 
relationship  between  a  fluid  and  its  constituent  minerals  is  through  activity  diagrams,  in  a 
manner  similar  to  that  for  hydrothermal  systems  (Johnson  and  Norton,  1985).  In  this 
context  the  serpentinization  of  kimberlite  can  be  modeled  in  terms  of  activity  relations 
betwen  the  fluid  and  the  dominant  minerals  present 

We  intiate  this  approach  by  looking  at  the  fluid  responsible  for  the  serpentinization 
of  kimberlite.  It  is  believed  that  the  kimberlite  is  a  crystalline  mush  at  the  time  of 
emplacement  and  that  fluids  play  a  role  in  the  eruption  and  serpentinization  of  the  kimberlite 
(Clement  1982).  During  serpentinization,  olivine  is  altered  to  serpentine,  calcite,  and/or 
phlogopite.  Groundmass  minerals  such  as  diopside  and  monticellite  also  experience 
alteration.  Serpentinization  is  best  developed  in  the  diatreme  facies  of  the  kimberlite,  at 
approximtely  3  km  depth.  From  this  relation  a  pressure  of  1  kb  is  chosen  and  is  treated  as 
constant  during  serpentinization.  Primary  minerals  are  nearly  end-member  phases ,  activity 
for  a  given  aquaeous  component  is  designated  by  square  brackets  [],  H2O  activity  is  set  at 
unity.  Chrysotile,  lizardite,  and  antigorite  are  known  alteration  products  of  kimberlite, 
whereas  talc  is  rare  (Mitchell,  1986).  Chrysotile  was  chosen  for  this  study,  and  by  plotting 
the  logKreaction  for  chrysotile-forsterite  and  forsterite-talc  at  1  kb,  it  was  established  that 
chrysotile  is  first  appears  as  a  stable  phase  at  ~42Q°C.  Activity  diagrams  have  been 
constructed  near  the  phase  stability  condition  for  chrysotile,  at  500°C  and  at  400°C. 

Activity  boundaries  are  obtained  by  combining  the  hydrolysis  reactions  for  minerals 
of  interest,  as  in  the  example  for  forsterite-chrysotile: 

Mg2Si04  +  4H+  <->  2Mg+2  +  Si02(aq)  +  2H2O  (1)  (forsterite  hydrolysis) 

Mg3Si2G5(OH)4  +  6H+  <=>  3Mg+2  +  2SiC>2(aq)  +  5H2O  (2)  (chrysotile  hydrolysis) 

The  reactions  are  balanced  on  SiC>2  as  quartz  is  never  observed  as  an  alteration  phase  in 
kimberlite: 

2Mg2SiOa  +  2H+ +  H2O  <=>  Mg3Si205(0H)4+ Mg+2  (1-2)  (forsterite-chrysotile) 

at  400°C,  1  kb:  logKeq  =  log£Mg+2  ]  =  5.5 

[H+]2 
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The  minerals  forsterite,  talc,  monticellite,  diopside,  and  chrysotile  are  plotted 
against  log[Mg+2]/[H+]2  and  log[Ca+2]/[H+]2  activities.  The  fluid  is  in  equilibrium  with 
the  primary  mineralogy  olivine  in  a  matrix  of  diopside  and/or  monticellite.  Calcite  is  also  a 
primary  mineral,  and  a  calcite  saturation  surface  is  projected  into  activity  space  to  establish 
the  log[C02g].  Magnesite  is  seldom  observed  in  kimberlite,  and  the  magnesite  saturation 
surface  ties  well  above  the  chosen  assemblage. 

The  onset  of  serpentinization  is  restricted  to  a  maximum  depth  of  3  km  as  chrysotile 
is  not  stable  at  pressures  higher  than  1  kb.  Serpentinization  is  an  emplacement 
phenomenon;  the  occurrence  of  serpentine  (i.e.  chrysotile)  as  a  primary  magmatic  phase  is 
unlikely.  Modeling  supports  the  observation  that  olivines  are  often  completely  altered  to 
serpentine  whereas  monticellite  and  diopside  are  relatively  flesh.  Serpentinization  can  take 
place  by  changing  T  at  constant  P  and  does  not  require  the  introduction  of  fluids  from 
external  sources.  If  this  fluid  is  sufficiently  enriched  in  CO2,  it  may  be  capable  of  forming 
microdiamonds  prior  to  or  during  emplacement  of  the  kimberlitic  magma  (Levinson  and 
Pattison,  1995).  Additional  modeling  of  fluids  in  equilibrium  with  reduced  carbon  phases 
is  underway. 
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MINERALOGY  OF  ALKALINE  TITANATES-gEARING  KIMBERLITE 
FROM  A  DIKE,  WEST-UKUKIT  KIMBERLITE  FIELD,  YAKUTIA 


O.B.  Oleinikov 

Yakutian  Institute  of  Geological  Sci.,  39,  Lenin  Ave,  Yakutsk,  677891,  Russia. 

Study  of  kimberlite  of  the  An-22  dike  has  revealed  two  associations 
which  are  rare  for  kimberlite  rocks:  alkremitic  one  and  that  of  alkaline 
titanates.  The  kimberlite  is  fine-porphyritic,  massive.  Phenocrysts  are 
represented  by  carbonate-serpentine  pseudomorphs  after  olivine  and  by  rare 
phlogopite  grains.  The  carbonate-micaceous  groundmass  has  a  non-uniform, 
microtaxitic  texture  (Kornilova  et  al.,  1983).  Ore  minerals  in  the  mesostasis 
are  rutile,  non-Mg  ilmenite  and  Ti-bearing  iron  oxides. 

Also  present  in  the  kimberlite  are  numerous  picroilmenite  macrocrysts 
and  few  kelyphytized  grains  of  grossular-almandine-pyrope  garnet.  Besides, 
heavy-mineral  concentrates  show  the  presence  of  abundant  anhedral  grains  of 
rutile  and  few  grains  of  chrome-spinels,  chrome-diopside,  Cr-bearing  garnet 
and  moissanite. 

Most  of  the  discrete  garnet  grains  contain  spinel  inclusions  (5-10  mcm) 
with  62.2-67.6  wt  %  AI2O3,  which  permits  us  to  refer  this  association  to 
alkremitic.  Moreover,  the  garnet  has  picroilmenite  inclusions  and  forms 
intergrowths  with  spinel  containing  58.7  wt  %  AI2O3  and  with  orthopyroxene 
containing  unusually  high  AI2O3  concentrations  (1 1 .5  wt  %).  As  distinct  from 
garnets  from  the  earlier  described  alkremitic  associations,  standard 
microprobe  analysis  of  the  mineral  from  the  An-22  dike  shows  the  absence  of 
CnCb  and  0.4-0. 7  wt  %  TiCh.  In  their  total  FeO  (10.4-12.8  wt  %),  the  garnets 
are  intermediate  between  pyropes  from  alkremites  (Nixon  et  al.,  1978; 
Ponomarenko,  Leskova,  1980;  Botkunov  et  al.,  1987)  and  ferrialkremites 
(Garanin  et  al.,  1988).  A  distinctive  feature  of  this  association  is  the  presence 
of  picroilmenite  and  the  appearance  of  TiCh  admixture  in  all  of  the  other  co¬ 
existing  minerals.  It  should  be  noted  that  garnets  of  similar  composition  are 
widely  distributed  in  kimberlite  breccias  in  pipes  of  the  northern  fields  of  the 
Yakutian  kimberlite  province  (Ilupin,  Sandomirskaya,  1984). 

Mineragraphic  study  of  rutile  macrocrysts  has  shown  that  some 
individual  grains  have,  along  their  peripheries,  fragmentary  shells  made  up  of 
an  aggregate  of  numerous  anisotropic  crystallites  5  to  15  mcm  in  size.  As 
revealed  by  microprobe  analysis,  such  formations  represent  an  aggregate  of 
irregularly  arranged  (relative  to  each  other)  grains  of  K-  and  Na-titanates. 

The  composition  of  the  K-titanate  is  calculated  well  enough  to  the 
crystallochemical  formula  of  priderite  -  (K1.386  Nao.o67  Bao.o33)i.486(Ti7 .070  AI0.026 
Feo.649  Mgo. 349)8.084  Oi6  (Jaques  et  al.,  1986).  The  Na-titanate  is  close  in  TiCL 
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contents  (up  to  79.4  wt  %)  to  freudenbergite  from  Liberian  granulites 
(Haggerty,  1983),  but  has  higher  Na20  concentrations  (up  to  9.7  wt  %), 
making  it  impossible  to  calculate  the  obtained  compositions  to  the 
crystallochemical  formula  of  Fe2+  -freudenbergite.  The  rutile  has  Nb205 
admixture  up  to  0.7  wt  %,  as  well  as  oriented  picroilmenite  lamellae.  The 
character  of  the  relationship  between  the  rutile  and  the  aggregate  of  alkaline 
titanate  grains  indicates  a  metasomatic  nature  of  the  latter,  whereas  their  co¬ 
existence  in  one  paragenetic  association  evidences  simultaneous  introduction 
of  both  K  and  Na. 

One  characteristic  feature  of  the  mineralogy  of  the  An-22  dike  kimberlite 
is  an  important  role  of  Ti02  in  all  three  main  associations:  kimberlitic, 
alkremitic  and  that  of  alkaline  titanates.  This  is  indicative  of  the  upper  mantle 
enrichment  in  this  incompatible  component  in  this  area,  perhaps,  due  to 
mantle  metasomatosis. 
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BASITE  MAGMATISM  OF  THE  YAKUT  KIMBERLITE  PROVINCE 

B.V.Oleinikov,  M.D.Tomshin  Yakut  Institute  of  Geological  Sciences, Siberian 

Department,  Russian  Academy  of  Sciences,  Yakutsk 

The  analysis  of  peculiarities  in  distribution  of  basite  magmatic  associations  within  mantle 
sequences  of  the  eastern  Siberian  platform  revealed  that  spatially  and  temporally  they  are  related  to 
kimberlite  magmatism  products. Igneous  activity  in  the  region  started  with  a  supply  of  a  basite  melt 
followed  later  by  a  kimberlite  intrusion.  Kimberlites  often  broke  the  earlier  basite  intrusions  and 
effusions  entrapping  the  latter  as  xenoliths.  The  study  of  basite  xenoliths,  their  identification  with 
different-aged  magmatites  really  existing  on  the  platform  allow  us  to  correct  the  age  of  kimberlite 
magmatism,  as  well  as  to  define  more  exactly  a  prekimberlite  tectonic  setting.  Basite  associations  on 
the  Siberian  platform  are  known  to  be  confined  to  Late  Precambrian  and  Middle  Paleozoic  paleorift 
structures,  or  they  can  be  related  to  the  formation  of  negative  structures  of  ancient  platforms,  i.e.trap 
syneclises. 

Among  from  different- aged  intrusive  basites  of  Late  Precambrian  age  dominate  derivatives  from 
normal  and  subalkaline  tholeiite-basalt  series  of  melts  generally  with  different-manifested  features  of 
magmatic  alkalization.  Most  of  basites  from  Late  Precambrian  paleorift  zones  are  characterized  by  the 
ubiquitous-manifested  enhanced  titanium  content:  2.2-2. 6%  Ti02.  The  content  of  P205  reaches  0.25- 
0.35%  and  increased  are  K  abundances,  up  to  2-3%  in  alkalized  differences.  At  the  final  stage  of 
Riphean-Vendian  tectono-magmatic  cycle  on  the  northeastern  Siberian  platform  there  occurred  a 
supply  of  limited  amounts  of  alkaline  olivine-basalt  melt  giving  rise  to  trachybasalt  formation-type 
magmatites. 

The  basite  emplacement  during  the  Middle  Paleozoic  was  controlled  by  peculiarities  of  magma 
formation  in  paleorifting  regime.  It  gave  rise  to  the  emergence  of  both  normal  and  different-alkalified 
tholeiite-basalt  melts  which  form  rocks  saturated  with  silicic  acid  and  rich  in  Ti,  K,  P,  Sr,  V,  Th  but 
poor  in  Ni,  Cr,  Sc.  As  in  the  case  of  Late  Precambrian  basites,  typical  products  composed  of  alkaline 
olivine  basalts  were  developed  at  the  final  stage  of  the  Middle  Paleozoic. 

Basites  of  a  regime  of  autonomous  magmatic  activization  of  ancient  platforms  correspond  to  the 
formation-type  trap  rocks  composed  of  derivatives  of  tholeiite-basalt  and  picrite-basalt  melt  series, 
which  form  a  common  complementary  sequence  of  magmatites.  As  compared  with  basites  of  paleorift 
systems,  the  most  abundant  magmatites  from  this  group  are  characterized  by  Ni-,  Cr-high  and  K-,  P-, 
Ti-,  V-,  Sr-,Ba-,  B-low  concentrations. 

During  the  Permian-Triassic,  the  alkaline  olivine-basalt  basites  were  developed  on  a  limited 
scale  and  only  in  the  marginal  zone  of  the  Siberian  platform. 

The  diversity  of  basites  from  the  Siberian  platform  to  a  certain  extent  is  caused  by  an 
evolutionary  nature  of  a  melt  after  its  leaving  the  region  of  magma  generation.  Both  geodynamic 
conditions  of  paleorifting  and  the  emplacement  of  trap  syneclises  make  it  possible  for  a  basaltic  magma 
to  differentiate  at  a  depth  in  accordance  with  monzonitoid  and  anorthosite  tendencies.  Magmatic  melt 
evolves  at  a  depth  interacting  with  components  of  transmagmatic  reducing  fluid  introducing  a  number 
of  petrogenic  and  ore-forming  components. 

Concentrations  of  basite  xenoliths  in  kimberlite  bodies  of  Yakutia  studied  together  with 
F.F.Brakhfogel  show  that  the  pipes  from  the  most  southern  Malo-Botuobiya  kimberlite  field  contain 
only  gabbro-dolerites  and  basalts  Middle  Paleozoic  in  age. 

In  the  middle  part  of  the  Yakut  Kimberlite  province  basite  xenoliths  are  absent  in  pipes. 

Reconnaissance  revealed  the  facts  of  kimberlite  bodies  to  be  intersected  by  Late  Paleozoic-Ealy 
Mesozoic  traps  which  affected  the  kimberlites  both  mechanically  and  contact-metasomatically. 

In  kimberlite  pipes  of  the  eastern  Anabar  region  established  are  basite  xenoliths  identified  with 
magmatites  of  Late  Cambrian  and  Permian-Triassic  age.  In  pipes  from  the  Mid-Olenek  group  of 
kimberlite  fields  revealed  are  basite  xenoliths  Late  Precambrian  and  Middle  Paleozoic  in  age,  whereas 
in  some  pipes  in  the  north  of  the  Yakut  Kimberlite  province  observed  are  trap  xenoliths  of  Permian- 
Triassic  age  along  with  Middle  Paleozoic  basite  xenoliths  present  in  most  of  pipes  of  this  region. 
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4-D  LITHOSPHERE  MAPPING:  CONSTRUCTING  STRATIGRAPHIC  SECTIONS  OF  THE 
LOWER  CRUST  AND  UPPER  MANTLE  IN  SPACE  AND  TIME 

Suzanne  Y.  O'Reilly1  and  W.L.  Griffin2 

1.  Centre  for  Petrology  and  Lithospheric  Studies,  School  of  Earth  Sciences,  Macquarie 
University,  Sydney,  2109,  Australia 

2.  CSIRO  Division  of  Exploration  and  Mining,  North  Ryde,  NSW,  2113,  Australia 


4-D  lithosphere  mapping  is  a  methodology,  based  on  the  use  of  xenoliths  and  mineral 
concentrates  from  basaltic,  kimberlitic  and  similar  volcanics,  that  draws  together  geophysical, 
petrological,  geochemical,  tectonic  and  geochronological  information  to  construct  geologically 
realistic  sections  showing  the  detailed  nature  of  the  deep  crust,  lithospheric  mantle,  the  crust/mantle 
boundary  (CMB)  and  the  asthenosphere/lithosphere  boundary.  The  geophysical  data  provide 
remotely-sensed  and  broad-scale  information  on  the  physical  responses  of  mantle  and  lower  crustal 
materials  and  define  large-scale  domains  with  contrasting  properties.  The  petrological  data 
provide  more  specific  information  on  real  rock  types  and  their  distribution  with  depth  at  specific 
localities.  The  petrological  data  constrain  the  interpretation  of  geophysical  data:  the  geophysical 
information  allows  lateral  extrapolation  between  the  individual  lithospheric  stratigraphic  columns 
constructed  from  xenoliths  and  mineral  concentrates.  Repeated  volcanic  episodes  that  have 
occurred  in  the  same  crustal  region  can  be  used  trace  thermal,  physical  and  chemical  modifications 
of  lithosphere  through  time.  Ancient  lithosphere  rejuvenated  by  fluid  infiltration  (metasomatism) 
may  source  younger  volcanism  in  response  to  a  new  thermal  pulse  as  old  cratonic  keels  erode  and 
transform. 

Paleogeotherms  derived  from  xenoliths  or  mineral  concentrates  for  specific  localities  provide 
the  essential  reference  framework  for  interpreting  the  structure  of  lithospheric  sections  (eg 
O'Reilly,  1993;  O'Reilly  and  Griffin,  1995).  They  are  a  direct  measurement  of  the  thermal  state  of 
the  lithosphere  at  the  time  of  eruption  of  the  host  volcanic.  Considerable  information  on  deep 
processes  is  contained  in  the  shape  and  position  in  P-T  space  of  specific  geotherms,  especially  by 
comparison  with  theoretical  steady-state  conductive  model  geotherms.  Indeed  the  "real"  shape  of 
these  model  geotherms  is  imperfectly  understood  and  even  the  most  quoted  versions  of  Pollack  and 
Chapman  (1977)  have  been  defined  using  assumptions  unconstrained  by  petrological  information. 
This  focus  on  geotherms  as  the  basis  for  "4-D  Lithospheric  Mapping"  also  reflects  the  paramount 
role  of  thermal  energy  and  thermal  anomalies  in  Earth  processes  including  the  evolution  of  the  crust 
and  mantle.  The  (paleo-)  geotherm  at  specific  localities  is  used  to  place  individual  samples  in  their 
original  stratigraphic  position,  and  to  give  the  distribution  with  depth  of  rock  types  and  (with 
geochemical  data)  of  processes  such  as  metasomatism.  These  data  can  be  combined  with 
geophysical  surveys  to  provide  a  3-dimensional  picture  of  the  composition,  structure  and  thermal 
state  of  the  lower  crust  and  upper  mantle 

The  continental  lithosphere  includes  the  continental  crust  and  the  relatively  rigid  part  of  the 
underlying  upper  mantle,  characterised  by  conductive  heat  transport.  Considerable  evidence  suggests 
that  the  crust  and  the  lithospheric  mantle  are  two  parts  of  a  closely  linked  system,  and  that  the  nature 
of  this  system  has  changed  markedly  through  geologic  time.  For  example,  some  types  of  mantle- 
derived  lavas  (eg  komatiites)  erupted  only  at  the  early  stages  of  the  Earth's  history,  and  have  not 
contributed  to  crustal  formation  since  then.  Studies  of  mantle-derived  xenoliths  and  minerals  in 
volcanic  rocks  (eg  Griffin  et  al,  1995))  indicate  major  differences  in  the  thickness,  composition  and 
thermal  structure  of  the  upper  mantle  beneath  continental  provinces  of  different  crustal  age  and 
seismic  response  (Boyd  and  Mertzman,  1987;  Jordan,  1988).  Some  mantle  lithologies,  such  as 
depleted  garnet  harzburgites,  are  restricted  to  areas  with  Archaean  crust  (eg  Schulze,  1995),  and  the 
available  data  show  major  differences  in  the  chemical  composition  of  the  mantle  beneath  terranes  of 
different  ages  (eg  Griffin  and  O'Reilly,  unpubl.  data).  Seismic  tomography  (eg  Jordan,  1988; 
Helmstaedt  and  Gurney,  1995)  has  shown  that  thick  lithospheric  keels  also  are  restricted  to  the 
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continental  nuclei,  mostly  of  Archaean  age.  These  relationships  are  not  accidental,  but  appear  to 
reflect  secular  changes  in  the  processes  that  produce  lithospheric  mantle. 

Dating  of  mantle  rocks  and  minerals  (eg  Zhao  and  McCulloch,  1993;  Chen  et  al.,  1994)  strongly 
suggests  that  the  formation/modification  of  lithospheric  mantle  and  that  of  the  overlying  crust  are 
complementary  processes,  and  that  in  many  regions  the  mantle  lithosphere  remains  attached  to  that 
crust  for  aeons,  until  replaced  or  removed  during  tectonic  episodes.  But  mantle  roots  also  can  be 
modified  and  eroded.  In  areas  as  diverse  as  eastern  Brazil,  Colorado/Wyoming  and  eastern  China, 
ancient  lithosphere  has  been  removed  and  replaced  by  thinner,  hotter  and  more  fertile  mantle  during 
both  rifting  or  collision  events  (eg  Eggler  et  al.,  1988).  This  lithosphere  erosion  changes  both  the 
heat  budget  and  the  composition  of  the  subcontinental  mande,  and  those  changes  also  control  the 
style  and  composition  of  subsequent  magmatism  and  associated  mineralisation  in  the  crust. 
Recognising  regions  where  the  crust  and  the  underlying  mande  have  become  decoupled  is 
economically  important,  because  such  areas  may  become  less  prospective  for  some  commodities 
(such  as  diamonds)  but  significandy  more  prospective  for  other  commodities  related  to  the 
subsequent  magmatism  (such  as  copper,  molybdenum  and  gold). 

Geophysics  and  Mantle  Samples:  Most  of  our  information  on  the  nature  of  the  subcontinental 
lithospheric  mande  is  derived  either  indirecdy,  through  large-scale  geophysical  studies,  or  directly 
from  mande  xenoliths  carried  up  in  kimberlites  and  other  volcanic  rocks.  The  geophysical  data 
provide  the  only  realistic  means  of  mapping  large-scale  variations  in  mande  structure  and  using  this 
information  to  interpret  major  tectonic  processes.  However,  the  geophysics  can  only  be  interpreted 
realistically  if  information  is  available  on  the  rocks  present  at  depth  in  the  study  area,  or  in  other  areas 
thought  to  have  comparable  lithospheric  geology.  That  information  can  in  principle  be  provided  by 
xenoliths  where  available  and  by  garnet  ±  chromite  mineral  concentrates  which  have  a  wider  spatial 
and  temporal  distribution. 

The  development  of  in-situ  trace-element  analysis  by  the  proton  microprobe,  and  its  application 
to  the  heavy-mineral  concentrates  (HMCs)  generated  by  diamond  exploration  programs,  have  greatiy 
expanded  the  information  potentially  accessible  on  mande  lithology,  geochemistry  and  thermal 
structure  (Griffin  and  Ryan,  1995).  For  example,  garnet  grains  in  equilibrium  with  olivine  can  yield 
a  temperature  based  on  Ni  content  and  a  minimum  pressure  estimate  (Per)-  Similarly,  temperatures 
can  be  derived  from  the  zinc  content  of  individual  chromite  grains.  Analysis  of  30-50  garnets  and 
chromites  from  one  locality  can  yield  an  estimate  of  the  local  paleogeotherm  (Ryan  et  al.,  1995),  and 
the  true  depth  of  origin  of  each  grain  can  then  be  estimated  by  reference  of  Tjsji  and  Tzn  to  that 
geotherm.  The  geochemical  information  for  each  grain  can  thus  be  placed  in  stratigraphic  context. 

The  original  lithology  from  which  each  grain  was  derived  can  be  interpreted  by  comparison  of 
garnet  and  chromite  compositions  with  those  known  from  xenoliths,  in  which  the  paragenetic 
associations  are  apparent  Similarly,  the  geochemical  signatures  of  a  limited  range  of  rock-forming 
processes  have  been  recognised  by  study  of  xenoliths  and  the  mineral  inclusions  in  diamonds. 
Processes  identifiable  in  the  trace-element  signatures  of  garnets  and  chromites  include  depletion  by 
melt  extraction,  high-T  melt- related  metasomatism  (Smith  et  al.,  1993)  and  a  lower-T  process 
associated  with  the  introduction  of  phlogopite  (Shee  et  al.,  1993). 

Mantle  Sections  and  Geophysical  Interpretation:  The  compilation  of  all  this  information 
provides  a  stratigraphic  section  of  the  mantle  under  each  locality  which  shows  the  vertical 
distribution  of  some  rock  types,  the  thermal  structure,  the  depth  to  a  (chemically  defined) 
lithosphere  base,  and  the  distribution  of  depleted  and  metasomatically-enriched  rocks.  These 
sections  can  be  compared  with  geophysical  data  to  interpret  specific  features  of  the  geophysics;  for 
instance,  the  position  of  the  lithosphere  base  inferred  beneath  Siberia  (Griffin  et  al,  this  volume) 
correlates  well  with  the  Lehman  discontinuity  derived  from  Russian  Deep  Seismic  Sounding 
experiments  across  this  area.  The  position  of  the  geotherm,  which  can  be  derived  from  the  HMC 
data,  is  known  to  affect  both  density  and  seismic  velocities  (Morgan,  1995).  The  deep  high-Vp 
roots  seen  in  seismic  tomography  images  of  some  cratons  are  widely  interpreted  as  reflecting  low 
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temperatures  at  depth.  However,  these  "roots"  also  may  reflect  the  higher  proportion  of  harzburgite 
relative  to  lherzolite  in  Archaean  lithosphere,  because  the  higher  seismic  velocities  could  be  caused 
by  this  higher  MgO  content,  rather  than  simply  a  lower  T.  With  this  kind  of  knowledge,  the 
geophysical  data  can  be  interpreted  more  precisely,  and  then  used  to  map  the  regional  variation  in 
specific  lithologic/geologic  parameters,  between  the  sites  where  xenolith/heavy-mineral  data  are 
available.  Different  types  of  mantle  lithosphere  can  be  recognised,  and  tectonic  boundaries, 
reflected  in  different  ages  and  types  of  mantle,  can  be  mapped  and  interpreted. 

Mantle  Domains:  The  determination  of  the  size  and  nature  of  intraplate  mantle  domains  is  of 
fundamental  importance  in  understanding  the  mechanisms  and  processes  of  mantle/crust  evolution. 
Distinct  regions  of  mantle  can  be  mapped  using  trace-element  and  isotopic  characteristics  of  whole- 
rock  xenoliths  and  separated  minerals  mainly  clinopyroxenes  and  garnets  and  the  compositions  of 
basaltic  melts  (eg,  Menzies,  1990;  Wilson  and  Downes,  1991;  O'Reilly  and  Zhang,  1995). 

Available  data  indicate  that  the  size,  shape  and  geochemical  characteristics  of  these  mantle  domains 
vary  with  respect  to  depth  in  the  lithospheric  column,  with  tectonic  environment  (eg  craton, 
Phanerozoic  fold  belt,  collision  margin)  and  geographically  for  similar  tectonic  settings  (eg., 
western  Australia,  southern  Africa  and  Siberia  cratons).  Furthermore,  large-scale  mantle  "events" 
inferred  from  geochemical  and  chronological  (Nd-Sr  isotopic  and  zircon  ion-probing)  methods 
indicate  coupling  with  crustal  tectonic  episodes  (eg  O'Reilly  and  Griffin,  1988;  Chen,  et  al,  1994). 
Differences  in  lithospheric  type  are  also  delineated  by  seismic,  gravity  and  heat  flow  data  (eg., 
Morgan  and  Gosnold,  1989)  and  MAGSAT  imagery  (Mayhew  et  al.,1985).  Global  distinction  of 
cratonic  and  non-cratonic  regimes  has  many  important  applications,  such  as  understanding  the 
distribution  of  diamond-bearing  kimberlites. 

4-D  lithosphere  mapping  is  a  powerful  tool  in  defining  areas  where  diamonds  may  have  been 
preserved  or  destroyed  throughout  Earth's  geological  evolution  and  in  predicting  target  areas  for 
new  exploration. 
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LAMPROITES  OF  RUSSIA  (GEOLOGY,  MINERALOGY,  PETROCHEMISTRY, 
GEOCHEMISTRY) . 

Orlova^M.  P.,  Lukjanova^L.  I.,  Borisov^A.  B.,  Mashak^J.  M., 

Orlov^D.  M.,  Smelova^L.  V.,  Shadenkov^ E . M . 

1.  Alirussia  geological  research  institute  (VSEGEI) 

Sredny  av.  74,  St.  Petersburg,  199026,  Russia 

Analysis  of  lamproitic  and  similar  ul trapotass ic  alkaline 
volcanic  complexes  location,  allowed  to  distinguish  several 
lamproitic  provinces  in  Russia  and  neighboring  countries:  West 
Karelia,  Witesea  Onegskaja,  South  Ural,  Taimyr,  North  Olenek, 
Anabarskaja,  East  Sajan,  Aldan,  Sette  Daban  (Fig.) 

Fig.  Scheme  of  distribition  of  lamproitic  complexes  on 
northeastern  part  Euroasia  (Orlova,  Krasnov,  1995). 


1.  Locations  of  lamproitic  complexes:  a)  discovered, 
b)  prognosic  zones.  2-7.  Geologic-tectonic  structures:  2.  shield 
and  median  massives,  3.  fold  areas,  4.  ancient  and  new 
platforms,  5.  foredeeps,  6.  magma-controlling  structures: 
a)  deep  faults,  b)  pa  1 eor i f t ogen i c  and  avlacogens;  7.  boundary 
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structures.  Lamproitic  complexes:  1,  Kostomuksha,  R2 , 2 .  Porja 
Guba  R2 ,  3.  Lake  Levuska,  R? ,  4.  Chetlas  R-V,  5.  Sout h-Cherkas 
R^  f  6.  Petrovsky  ,  7.  Sharyus  TjJ,j  9  8.  Kuibasov,  Tj-J 

9.  Koshmansay,  C^jlO.  Shrenk,  Pz?,  11.  Tareya,  Pz?,  12.  Gorbita, 
Pz?,  13.  North-Anabar  complex,  Pz^Fomich,  Kychkyn,  Haibyt  )  , 
4.  Talachtakh,  R-j?15.  Tomtor,  Dj-C^?16.  01  enek-Khorbosuonka ,  V, 
17.0kynsky,  R-V,  18.  Molbo,K£,  19.Murun  ( Inarigda) ,K \ , 20 .  Khany, 
PR  \ ,  21.  Tobuk-Khatys  tyr ,  K>j ,  22.  Low-Yakokut  , 

23 . Upper-Yakokut ,  X|,24.  Ariavkan,  K^,25.  Dayan,  K ^ . 

Lamproitic  complexes  are  connected  with  palaeorifts  and 
avlacogenes  zones  in  the  ancient  platforms.  They  are  controled 
by  the  deep  faults,  which  intersect  stable  parts  ledged  and 
blocks  of  more  ancient  districts. 

Lamproitic  complexes,  like  to  the  kimberlitic,  developed  many 
times.  In  Russia  they  are  formed  in  four  periods:  early 
Proterozoic  (Hany,  South  West  Aldan),  late  proterozoic  (Karelo 
Kolsky  complexes,  Polar  Siberia,  East  Sajan  and  Ukraine),  middle 
paleozoic  (complexes  in  the  European  and  Siberian)  and  mezozoic 
(complexes  of  South  Ural,  Aldan,  Sette  Daban). 

Dykes  and  pipes  of  the  lamproites  form  swarms  and  halos. 
Lamproites  are  the  final  members  of  the  mafic  ultramafic 
formations  in  the  palaeorifts  and  avlacogenes.  In  the  north  part 
of  the  Siberian  platform  are  developed  three  time  full  line  of 
the  magmatic  complexes  of  the  different  formations  (from  ancient 
to  young):  basalt  dolerites,  t rachybasa 1 t s  and  alkaline  basalts, 
alkaline  ultramafites  and  carbonat i t es ,  nepheline  and  alkaline 
syenites,  lamproites  and  (or)  kimberlites.  In  another  provinces 
the  paragenesies  of  formations  are  reduced  and  lamproites  crowns 
them  together  alkaline  lamprophyres. 

Mineralogical  composition  and  petrochemical  peculiarities  of 
the  lamproitic  series  in  the  different  regions  of  Russia  are 
visibly  distinguished.  By  these  parameters  (Mitchell,  1988; 
Vaganov,  Kaminsky,  Kononova,  Machotkin,  1988;  Orlova,  1991)  only 
part  of  the  complexes  may  be  concerned  to  lamproitic: 
Kostomuksha  (Karelia),  Kyibasov  (South  Ural),  Cimara  Udginsky 
(North  Siberia),  Murun  (West  Aldan),  part  of  Jakokut  (Central 
Aldan),  Okinski  (East  Sajan).  They  are  represented  by  the 
olivine  phlogopitic,  olivine  diopside  phlogopite  leucitic, 
diopside  phlogopite  leucitic,  olivine  diopside  phlogopite 
sanidinic  lamproites  and  g i a  1 o 1 ampro i t es . 

In  the  provinces  are  determined  petrochemical  trends  of 
evolution  their  compositions,  which  are  caused  by  the  crystal 
differentiation.  Individual  pipes  of  the  lamproites  are  changed 
by  dykes  on  the  depth  (Guravlev,  1993). 

Petrochemical  analysis  of  Russia  lamproites  by  means  of  the 
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factor  analysis  (Orlov  et  al.,  1991)  allowed  to  determine  the 
position  of  the  pe t rogene t i ca 1  trends  of  the  lamproitic 
complexes  on  the  diagrams,  and  to  compare  it  with  trends  of 
Australian  lamproites  (Jaques,  Lewis,  Smith,  1986)  and  other 
regions,  to  reveal  the  compositions  of  rocks,  which  most  like  to 
ultramafic  d i amond ibear ing  varieties  ( Kos tomuksha ,  Murun, 

Central  Aldan,  Kuibasov). 

Content  of  the  minor  elements  (Ba,  Sr,  Zr,  Nb ,  U,  Th,  Rb ,  Cr, 
Ni)  and  REE  in  the  lamproites  of  Russia  are  characterzed  by  high 
concent racions  compare  to  alkaline  pycrites,  minettes, 
leucitites  in  these  magmatic  areals.-  Lamproites  of  Russia  differ 
from  australien  lamproites  by  more  low  minor  and  REE  contents. 
It  is  explained  by  the  different  mechanism  of  the  mantle 
enrichment  in  Russia  regions  and  geochemical  specialization 
these  regions  (Bogaticov,  Kononova,  Machotkin,  et  al.,  1987, 
Orlova,  1982)  . 

Deep  xenoliths  presents,  Mg,  Cr,  Ni  contents  in  rockforming 
and  accessories  minerals  and  their  paragene t i ca 1  associations  it 
is  evidence  of  the  potential  diamondibearing  lamproites 
( Kos tomuksha ,  Kuibasov).  Lamproitic  melts  generation  are 
developed  in  the  upper  mantle  on  the  granat  peridot ite  level 
(Lamproites,  1991).  Sanidine  and  phlogopite  are  the  source  of 
potassium  in  the  melts  (Orlov,  Orlova,  1990). 

Bogatikov  0*  A*,  Kononova  U*  A.,  Machotkin  I.  L*  (1987)  * 
Rare  earth  and  rare  elements  as  indicators  of  the  genesis 
Central  Aldansky  lamproites*  Uolcanology  and  Seismology,  Ni,  p* 
15-29* 

Bogatikov  0*  A*,  Ryabchikov  I*  D*,  Kononova  UA$?0.(  1991 )  * 

Lamproites*  302p*,  Science,  Moscow* 

3aques*  A*  L*,  Lewis  J*  D*,  Smith  C*  B*  (1986  )*  Kimberlites 
and  lamproites  of  Western  Australia*  Perth*  Bull*,  132,  268p* 

Mitchell  R*  H,  (1988).  Lamproites  are  the  family  of  alkaline 
igneous  rocks*  Notes  of  All-Union  Mineralogical  Society,  pt* 
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51-57* 

Orlova  M*  P*,  Krasnov  U*  I*  (1995)*  Map  of  distribution  and 
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TYPOMORPHIZM  OP  VARIOUS  GENETIC  TYPES  OP  THE  UKRAINIAN  DIAMONDS, 


Pal kina  E.Yu. ,  Smirnov  G.I.,  Chashka  A. I.,  Tarasyuk  O.N. 

The  Ukrainian  State  Institute  of  Mineral  Resources, 

333620,  47/2,  Kirov  Avenue,  Simferopol,  Crimea  Ukraine. 

Diamond  is  one  of  the  most  studied  minerals.  But,  in  connec¬ 
tion  with  its  poligenousness ,  established  recently,  diamond  is 
subjected  to  the  comprehensive  investigation  with  the  purpose  of 
each  genetic  type  typomorphic  features  revealing. 

Attached  to  this,  method  of  diamond  ascribing  to  a  certain 
genetic  type  by  a  nature  of  minerals , syngenet ically  included  in 
it, is  not  always  applicable  due  to  relatively  rare  occurence  of 
the  latter  and  considerable  dif f iculty , and ,  hence,  high  price 
of  their  composition  precise  determination.  That 5 s  why  for  a  re¬ 
liable  diagnostics  a  complex  of  typomorphic  features  is  employ¬ 
ed.  They  are:  dimensions , morphology  and  ratio  of  habit  forms, 
colour , existence  of  different  phases , character  of  impurity  nit- 
rogenjratio  of  heavy  and  light  carbon, set  of  centers  and  colour 
of  photoluminescence  and  series  of  the  other, making  it  possible 
to  ascribe  diamonds  to  a  certain  genetic  type. 

It  is  necessary  to  underline , that  diamonds  from  the  Ukraini¬ 
an  placers  of  various  age  belong  to  poligenous  format  ions .Their 
specific  features  are:  presence  of  multy-phase  and  microaggrega¬ 
te  varieties , the  supreme  role  of  cubes , prevalence  of  crystals 
with  orange  crystallolumineccence (  center  575  nm  ), considerable 
amount  of  non-luminescing  diamonds , increased  content  of  colour¬ 
ed  varieties(  Kirikilitsa  et  al.,19 81;.  Polkanov , 1984 ;  Palkina, 
1990) ,  simplified  isotope  composition  of  carbon(  Kaminski  e.t  al  •  , 
1977  ). 

The  above-mentioned  features  unite  diamonds  of  the  Ukraine 
from  stratigrafically  and  spatially  isolated  terrigenous  depo  - 
sits,  but  differences , characteristic  of  each,  diamonds  group, and 
caused  by  their  connection  with  corresponding  original  sources, 
have  been  established® 

Diamonds  from  Upper  Proterozoic  collectors  of  Belokorovich- 
sko-Ovruchskaya  depression  are  characterized  by  combinational 
and  rounded  crystals  mainly  with  blue-green  photoluminescence, 
i.e.,  by  a  complex  of  features , showing  kimberlite  origin. 

Diamonds  from  Carboniferous  and  Permian  deposits  of  the  fol¬ 
ded  Donbass  couth  zone  and  the  north-western  part  of  Bakhmuts- 
kaya  trough  were  ascribed  to  the  same  type.  But  diamonds  from 
similar  deposits  of  some  areas  of  the  south  limb  of  the  Main 
Donetzk  anticline  are , probably ,  connected  with,  metomorphogenous 
original  sources  by  prevalence  of  coloured  cubes  with  red-oran¬ 
ge  phot oluminescence ' among  them®  Complex  of  typomorphic  featu  - 
res  of  diamonds,  found  from  the  same  deposits  in  the  north-west 
part  of  Donbass,  shows  their  genetically  mixed  nature. 

Among  diamonds  from  -Upper  Poltavian  and  Sarmatian  deposits 
of  the  Middle  Pridneprov8e  diamonds  of  all  commercially  import¬ 
ant  (  lamproite-kimberlite ,metamorphogenetic , impact  ) , cosmogeno- 
us  and  problematic  genetic  types  are  present.  Attached  to  dia  - 
monds  of  metamorphogenetic (  north-Kazakhstan  genetic  type  )  and 
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problematic (  lilac  cuboids  -  still  not  having  analogues  in  anot¬ 
her  diamindiferous  regions  of  the  world  )  origin  form  considera¬ 
bly  bigger  part. 

Diamonds  of  Upper  Neogene  bait  deposits (  Middle  Pobuzh'e 
and  Middle  Pridnestrov* e  )  are  also  poligenous.  Among  them  green 
tetrahexahedroids  with  "dragged  out”  apexes,  which  a  number  of 
researchers  identify  with  diamonds  from  sedimentary  collectors 
of  Brazil  (Kaminski  et  al.,  1977  )  are  of  a  certain  interest. 

Thus,  groups  of  the  Ukrainian  diamonds , separated  regionally 
and  chronologically,  have  certain  typomorphic  features.  If  for 
diamonds  from  Upper  Proterozoic  deposits  of  the  north  of  the  Uk¬ 
rainian  Shield(  US  )  diamonds  of  kimberlite  origin  are  characte¬ 
ristic,  the  role  of  cubic  crystals  -from  metamorphogenetic  sour¬ 
ces  increases,  beginning  from  Carboniferous  deposits  of  Donbass. 
Maximum  content  of  cubic  habit  diamonds (  including  lilac  cuboids 
of  a  problematic  origin  )  have  been  established  on  the  western 
slope  of  the  Ukrainian  Shield  in  Neogene. 

The  above  makes  it  possible  to  determine  the  direction  of 
prospecting  work  in  indicated  regions  of  the  Ukrainian  territo¬ 
ry. 

Kaminski  P.V. ,Galimov  E.M. , Ivanovskaya  I.N.  et  al . ,1977-Hep.  of 
Ac.  of  Sci.,  USSR, 256,  bi  1207  -  1208 (in  Russian). 
Kirikilitsa  S. I. ,Kashkarov  I.P. ,  Polkanov  Yu. A. ,  1981,  Methodi  - 
cal  recommendations  on  diagnostics  and  separation  of 
fine  diamonds.  Simferopol, USIMR,p. 107 • 

Palkina  E.Yu.  1990  Theses  of  the  Re-p.  ,VI  All-Union  Conference 
"The  main  directions  of  effectivity  and  quality  incrfe 
se  of  geological-prospecting  work  for  diamonds”,  Ir¬ 
kutsk,  284  -  287* 
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DIAMOND  MORPHOLOGY  IN  GROWTH  AND  DISSOLUTION  PROCESSES. 


Pal'yanov  ,Yu.N.,  Khokhryakov,  A.F.,  Borzdov  ,  Yu. M., Sokol,  A.G. 

Design  and  Technological  Institute  of  Monocrystalls,  Siberian  Branch  of  the  RAS, 
Russkaya,  43,  Novosibirsk,  630058,  Russia 

The  morphology  of  diamond  rather  various  and  reflects  growth  conditions  and 
further  dissolution  processes.  Experimental  modeling  of  these  processes  is  of  interest 
for  solving  problems  of  diamond  genesis. 

Diamond  growth.  The  experiments  were  performed  on  device  of  "split  sphere" 
type  in  the  systems  Ni-Fe-C  and  Ni-Mn-C  at  pressure  5. 0-6.0  GPa  and  temperature 
range  1 350-1 500°C  [Pal'yanov  et.al.1990].  Generalized  data  on  morphology,  depen¬ 
ding  on  growth  rate  in  various  crystallization  processes,  are  given  in  Tables  1-3. 


Table  1.  Diamond  growth  from  graphite  b 

y  FG(film  growth)  method 

Growth  rate,  pm/h 

Size,  pm 

Shape 

Morphology 

n-102  -  n-103 

n-102 

bulky 

(11 1 },{ 1 00}>{3 1 1},{1 10} 

o 

c 

1 

CO 

o 

c 

n-102  -  n-103 

bulky+skeletal 

(111), {100} 

>  n-104 

n-102  -  n-103 

dendrites  in  [100]  & 

[110]  directions 

{111}, {100} 

>  n-104 

CO 

c 

' 

CM 

o 

T— 

c 

aggregative  crystals* 

{111},{100} 

>  n-104 

n-103 

aggregates* 

inn _ 

*  -  size  of  crystallites  is  n-IOpm 


Table  2.  Diamond  growth  on  seed  by  TGG(temperature  gradient  growth)  method 


Growth  rate,  pm/h 

Growth  rate,  mg/h 

Shape 

Morphology 

n-10 

0,n  -3 

bulky 

{1 1 1 }>{3 1 1 }>{  1 00>>{  1 10} 

i 

3  -  6 

bulky 

{1 1 1  }>>{3 1 1 },{ 1 00},{  1 10} 

1 

5  -  10 

bulky+skeletal 

{1 1 1}>{100} 

CM 

O 

T— 

c 

>10 

skeletal 

{111},  seldom  {100} 

Table  3.  Diamond  growth  by  RG(recrystallization  growth)  method 


Growth  rate,  pm/h 

Size,  urn 

Shape 

Morphology 

V|  *  n  -  n-10 

1  <  300 

needle  in  [111]  direction 

{1 10}>{1 11} 

Vd  «  0,n  -  n 

d  <  30 

needle  in  [110]  direction 

{11 0}>{1 1 1 }>{1 00}>{hkk} 

l-length,  d-thickness 

needle  in  [211]  direction 

{111}>{110}>{10Q} 

When  growing  diamond  by  FG  method,  supersaturation  is  determined  by  solubility 
differences  of  diamond  and  graphite  at  the  same  temperature.  When  growing  diamond 
by  TGG,  supersaturation  is  determined  by  the  difference  in  diamond  solubilities  in 
dissolution  zone  and  growth  zone  and  depends  on  the  value  of  temperature  gradient 
(AT).  FG  and  TGG  methods  were  described  in  paper  (Kanda&Fukunaga,1982). 
Diamonds  grown  by  RG  method  are  formed  in  closed  areas  between  crystals  formed 
by  TGG  method,  and  in  "shaded"  sites  where  carbon  transport  is  hindered  due  to 
shielding.  RG  diamond  overgrows  the  dissolution  surfaces  of  crystals  in  the  form  of 
needles.  Faces  {100}  and  {hkk}  of  RG  crystals  also  have  traces  of  dissolution.  Needle- 
shaped  crystals  are  always  colorless  and  contain  no  inclusions. The  growth  of  needle- 
shaped  crystals  is  assumed  to  take  place  in  active  centers  under  conditions  similar  to 
equilibrium  by  redistributing  carbon  in  metal  melt  owing  to  different  solubility  of 
diamond  faces.  Data  from  Tables  1-3  show  that  three  different  processes  of  diamond 
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growth  cover  the  maximum  range  of  growth  rates  which  makes  up  nearly  5  orders. 

A  very  important  factor,  influencing  the  diamond  growth,  is  the  presence  of  H20 
in  crystallization  medium  (Kanda  et  al.,1984).  A  more  intricate  picture  was  observed  at 
spontaneous  crystallization  of  diamond  by  TGG  method  in  the  Ni-Mn-C  system.  The 
diamond  morphology  with  increasing  H2O  changes  in  the  following  order: 
flat-faced  crystals  of  {100}  -  {1 1 1}  row  ->  {110}*  -»  antiskeletal  crystals**  -» 
dendrites***  in  [1 1 1]  direction  ->  growth  of  graphite. 

*  in  this  case  {110}  faces  have  practically  no  growth  sectors,  **studies  on  the  morpho¬ 
logy  of  antiskeletal  crystals  are  reported  in  (Pal'yanov  et  al.,1985),  ***dendrites  were 
formed  by  crystallites  with  {110}  and  {1 1 1}  faces. 

Dissolution  of  diamond.  The  experiments  on  dissolution  of  diamond  were 
conducted  in  sealed  platinum  ampoules.  The  procedure  of  experiments  and 
investigation  of  crystals  are  described  in  (Khokhryakov  and  Pal’yanov,  1990).  Main 
results  are  listed  in  Tables  4-6. 


Table  4.  Diamond  dissolution  in  water  at  P=2,5  GPa. 


T°C 

Time 

h2o 

diamond 

etch 

pits 

faces  of 

min 

mg 

quantity(mg) 

loss,% 

on  (100} 

on  {111} 

dissolving 

1350 

15 

50 

10  (0,64) 

5 

din 

{in> 

{322}, {211} 

1450 

5 

60 

12  (0,91) 

15 

if 

11 

{322}, {955} 

1450 

15 

55 

12  (0,90) 

45 

11 

11 

- 

1450 

20 

68 

12  (0,88) 

75 

11 

11 

- 

Layers  are  observed  only  at  initial  dissolution  stages;  mainly  etch  pits  and 
Channels  are  formed.  Finally,  after  75%  weight  loss,  the  crystal  aquires  an  irregular 
shape  with  cellular  surface. 


Table  5. Diamond  dissolution  in  basalt  at  P=2,5  GPa  (basalt  was  pre-annealed  at  850°C) 


T°C 

Time 

min 

basalt 

mg 

diamond 

etch  pits 

faces  of 
dissolving 

quantity(mg) 

loss,% 

on  {100} 

on  {111} 

1350 

140 

106,6 

24  (0,75) 

1 

{in> 

{855}, {755}, 
{665} 

- 

1450 

30 

105,0 

16  (0,45) 

2,2 

ii 

{755}, {554}, 
{443} 

{544}, {755}, 
{998} 

1450 

180 

101,0 

24  (0,95) 

6,5 

5 

00 

{775}, {443} 

{20.19.19}, 

{998} 

1400 

110 

105,0 

3  (0,20) 

15 

{23.1.1} 

iimi 

11 

{544} 

Dissolution  layers  have  a  triangle  shape. Finally,  the  crystal  acquires 
trigontrioctahedral  habit  with  striation  along  [110]  direction. 


Table  6.  Diamond  dissolution  in  water-bearing  basalt. 


T°C 

P 

GPa 

Time 

min 

basalt 

mg 

h2o 

mg 

diamond 

etch  pits 

quantity(mg) 

loss,% 

on  {100} 

on  {111} 

1100 

2,5 

120 

175,5 

20,0 

7  (0,63) 

<  0,01 

- 

- 

1200 

5,0 

50 

69,8 

9,0 

60  (1,82) 

0,5 

{11.1.1} 

{511} 

(411} 

{443} 

{553} 

{221}, {883} 

1300 

2,5 

40 

165,5 

26,0 

7  (0,60) 

3,5 

1350 

5,5 

90 

51,2 

5,3 

7  (0,45) 

6,5 

1400 

2,5 

15 

95,8 

25,5 

5  (0,46) 

15 

- 

- 

1300 

2,5 

150 

167,7 

29,9 

10  (0,45) 

18,0 

- 

'  - 
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Etch  pits  are  typical  of  crystals  at  initial  dissolution  stages  (to  10%  of  weight 
loss).  Dissolution  layers  have  a  ditrigonal  shape  and  form  spherical  triangles. 
Dissolution  results  in  rounded  surfaces  with  a  sheaf-like  striation  and  micro-disk 
patterns.  Similar  results  on  diamond  morphology  are  obtained  when  diamond  crystals 
were  dissolved  in  the  systems  lamproite+diamond  (  with  the  content  of  H2O  0.38 
wt.%)  and  basalt+  H2C204(1 0-1 5%)+diamond. 

Discussion.  The  shape  of  diamond  crystals  grown  in  metal  melt  at  high 
temperatures  and  pressures  to  a  greater  extent  depends  on  supersaturation  and 
varies  with  increasing  growth  rate  in  the  following  order:  needle,  bulky,  skeletal, 
dendrites,  aggregative  crystals,  polycrystalline  aggregates.  Here  the  following  regular 
changes  in  the  morphology  of  crystals: 

{1 10}+{1 1 1}+{100}+{hkk}  ->  {1 1 1}+{1  Q0}+{31 1}+{1 1 0}  ->  {111}+{1QQ}  ->  {111}. 

An  increase  in  H20  admixture  results  in:first,  creation  of  {110}  crystals,  and  farther 
antiskeletal  growth  is  observed  which  lead  to  formation  of  dendrites. The  results 
obtained  on  diamond  morphology  and  earlier  published  data  (Sunagawa,199Q,  Kanda 
et  al.,1984,  Burns  and  Davies, 1992)  allow  determination  of  the  main  factors  governing 
diamond  morphology  in  growth  processes:  structure  (PBC  analyses),  P-T 
parameters, composition  of  solvent,  growth  rate,  and  effect  of  admixtures. 

Diamond  morphology  on  dissolution  in  model  systems  is  to  a  greater  degree 
governed  by  the  composition  of  solvent  and  rate  of  the  process. The  presence  of  water 
and  its  content  in  the  system  determines  the  dissolution  rate  and  morphologic 
properties,  including  etch  pits,  features  of  relief  and  ways  of  dissolution.  Flat-faced 
octahedra  in  a  dry  silicate  system  dissolve  to  form  trigonal  layers.  On  dissolution  in 
water-containing  silicate  systems,  crystals  with  ditrigonal  dissolution  layers  are  formed 
independent  of  silicate  matrix  composition.  The  rate  of  the  process  strongly  depends 
on  temperature.  The  presence  of  H20  is  mainly  responsible  for  the  chemistry  of  the 
process,  which  is  essentially  oxidation  of  diamond,  and  respectively  specific  features 
of  diamond  morphology.  Experimentally  obtained  dissolution  forms  are  morphologic 
analogs  of  semirounded  and  rounded  natural  diamond  crystals. Diamond  morphology 
properties  can  be  used  as  a  qualitative  (index)  indicator  of  the  presence  of  water- 
containing  fluid  in  natural  silicate  systems.  Comparison  of  natural  diamond 
morphology  and  their  morphological  analogs  obtained  in  model  systems  provides  a 
possibility  for  estimation  of  the  degree  of  dissolution  of  natural  diamond  crystals  in 
various  deposits. 

The  research  described  in  this  publication  was  made  possible  in  part  by  Grant 
RCY000  from  the  International  Science- Foundation. 
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GENETIC  CRITERIA  OF  DISTINGUISHING  LAMPROITES 
(on  the  basis  of  melt  inclusions  in  minerals) 

Panina  L.I. 

Institute  of  Mineralogy  and  Petrography,  630090  Novosibirsk,  Russia 

1  Great  attention  in  the  last  decade  is  paid  to  the  development  of  principles  and  criteria  for 
distinguishing  lamproites  from  other  rocks  of  potassium  series.  The  most  reliable  complex  of 
mineralogical  and  geochemical  features  for  distinguishing  lamproites  was  suggested  by 

R.H. Mitchell.  However,  in  some  cases  it  appears  to  be  insufficient  too:  e  g.,  when  the  rock  does 
not  possess  the  total  set  of  necessary  features  or  when  some  of  its  diagnostic  characteristics 
overlap  with  the  characteristics  of  other  compositionally  similar  potassium  rock.  This  is  especially 
true  in  cases  when  lamproites  spatially  alternate  with  other  varieties  of  potassic  rocks.  Thus,  K- 
basaltoids  and  their  effusive  and  intrusive  derivatives  are  widespread  in  the  Aldan  Shield  along 
with  lamproites  Both  rocks  bear  not  only  their  own  individual  properties,  but  also  features  typical 
of  rocks  combined  with  them:  lamproites  have  a  low  titanium  content  and  most  often  belong  to 
miaskitic  type.  Minerals  in  basaltoids  display  lack  of  A1  which  is,  the  same  as  in  lamproites, 
compensated  by  the  presence  of  Fe3+  in  the  structure  of  minerals. 

2  .  To  solve  this  kind  of  problems,  we  have  developed  additional  genetic  criteria  of 
distinguishing  lamproites,  which  allow  us  to  take  account  of  the  specific  features  of  physico¬ 
chemical  conditions  of  crystallization  of  rocks.  Our  work  is  based  on  the  results  of  investigation 
of  fluid  inclusions  of  melts  (fluids)  in  lamproitic  minerals  and  compositionally  similar  basanite- 
tephrite-phonolites  and  shoshonites.  When  analyzing  these  data  all  known  publications  concerning 
lamproites  were  considered.  These  are:  1  —  olivine  lamproites  and  2  —  fitzroyites  of  the  Ellendale 
Field  (Sobolev  el.  al.,  1989 ;  Mitchell,  1991 ;  Sharygin,  1991),  3  —  cedricites  of  Mount  Cedric 
(Sobolev  et.  al.,  1989),  4  —  wolgitites  of  Valgidee  Hills  (Sharygin,  Vladykin,  1994),  wyomingites 
of  Leucite  Hills  (Sharygin,  Bazarova,  1991),  6  —  olivine  lamproites  of  Prairie  Creek  (Solovova  et 
al.,  1988),  7  —  jumillites  (Prider,  1982),  8  —  verites  of  Murcia- Almeria  (Solovova  etai,  1988),  9 
—  olivine-leucite  hialolamproites  of  Oscar  Plag  (Mitchell,  1991).  We  examined  the  following 
rocks  from  basanite-tephrite-phonolite  family:  1 0  —  leucite  tephrites  of  the  Anui  River,  Siberia 
(Panina,  1983,  1993),  11  —  phonolites  ofEifel  (Sharygin,  1993)  and  12  —  fergusite-porphyries  of 
Pamir  (Panina,  1983).  Shoshonite  group  was  represented  by  14  —  olivine  absorakites  of  Talysh, 
Azerbaijan  (Panina  et  al.,  1985). 

3 .  The  analysis  showed  that  in  terms  of  their  crystallization  temperatures  lamproites  do  not 
practically  differ  from  potassic  series  under  discussion:  both  were  formed  at  high  temperatures 
approximately  in  the  same  interval:  from  1290  to  1 100°C. 

1  4.  The  chemical  composition  of  melts,  responsible  for  the  formation  of  lamproites  and 

rocks  of  the  family  of  leucite' basanites-tephrites-phonolites  and  family  of  shoshonites,  is 
essentially  different.  These  differences  become  distinct  during  differentiation  and  fractionation 
processes  which  widely  occur  upon  formation  of  the  rocks  under  discussion. 

It  is  worth  to  note,  that  evolution  transformation  of  compositions  of  initial  lamproite, 
basanite-tephrite-phonolite  and  shoshonite-potassium  melts  in  general  occurs  unidirectionally  and 
tends  towards  an  increase  in  the  content  of  alkalis  (with  predominance  of  K  over  Na),  Si,  Al,  Ti, 
and  Ba  in  derivative  melts  and  decrease  in  the  amounts  of  Mg  and  Ca.  Considerable  differences 
are  found  in  the  contents  and  quantitative  ratios  of  petrogenic  elements.  In  lamproite  melts  even 
at  a  significant  increase  of  Si02  (to  57-58  %)  and  alkalis  (to  10-12  K20  and  2. 5-3. 6  wt  %  Na20), 
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initially  low  contents  of  A1203  (4-9  wt  %)  though  increase,  but  negligibly  (by  1-2  wt  %),  as  a 
result  of  which  the  derivative  melts  always  remain  low-alumina  and  agpaitic  The  Si02/AJ203  ratio 
in  them  is  never  less  than  5,  typically  being  within  10-15,  sometimes  growing  up  to  30-33  mol. 
quant  In  the  melts  responsible  for  the  formation  of  basanite-tephrite-phonolite  and  shoshonite 
family,  the  initially  high  contents  of  A1203  (12-15  wt.  %)  increase  still  further  (to  22-25  %)  and 
essentially  exceed  the  contents  of  alkalis  (8-10  K20  and  4-5  %  Na20).  As  a  result,  the  melts 
acquire  a  distinctly  miaskitic  character,  while  the  Si20/Al203  ratio  does  not  generally  exceed  2  5-3 


mol  quant 


During  the  evolution  of  initial  melts  the  behavior  of  femic  components  is  specific  Initially 
high-magnesian  lamproite  melts  on  crystallization  still  have  low/(100FeO/FeO+MgO+TiO2  =  28- 
50  mol.  %)  both  due  to  preservation  of  the  great  importance  of  magnesium  in  derivative  melt 
(MgO  content  is  never  less  that  2-3  wt  %),  and  due  to  appreciable  increase  in  Ti02  content  in 
differentiates  (to  5-9  wt  %).  In  the  melts  responsible  for  the  formations  of  rocks  of  basanite- 
tephrite-phonolite  and  shoshonite  family,/ during  crystallization  increases  considerably  (from  46 

Transformation  of  the  initial  melts  during  formation  of  lamproites,  basanite-tephrite 
phonolites,  and  olivine  absorakites 


■  1 


■  5 


AI2O3 


|  B9 


P 


24  40  56  72 


t-.  100FeO/FeO+MgO+TiO2 


50  MgO+CaO+FeO 


56  72  88 


■  ■  lamproites  and  inclusion  glasses,  respectively. 

•  •  high-alumina  K-basaltoid  rocks  and  inclusion  glasses,  respectively. 

The  numerals  correspond  to  particular  rocks  itemized  in  the  text  under  corresponding 
number  (see  item  2).  Inclusion  glasses  are  given  under  the  same  numbers . 
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to  79-80  mol.  %),  the  content  of  MgO  most  often  decreases  to  a  few  tenths  of  per  cent,  while  the 
concentration  of  FeO  and  Ti02  remaind  nearly  the  same. 

In  the  diagram  (K20+Na20)  -  A1203  -  (MgO+FeO+CaO),  the  compositions  of  lamproites 
and  rocks  of  basanite-tephrite-phonolite  and  shoshonite  family  are  situated  close  to  each  other  and 
localized  in  the  lower  high-magnesian  part  of  the  triangle.  However,  the  initial  melts  during 
crystallization  evolved  in  different  ways:  lamproite  magmas  differentiated  towards  excess  of 
alkalis  over  A1  (low-alumina  agpaitic  type),  while  basanite-phonolite  and  shoshonite  melts  — 
towards  predominance  of  A1  over  alkalis  (high-alumina  miaskitic  type).  The  composition  points  of 
the  initial  melts  under  study  are  distinctly  arranged  in  groups  in  different  parts  of  the  diagram  and 
occupy  isolated  fields  between  which  a  separating  line  can  be  drawn.  The  diagram  reflecting  the 
ratio  100FeO/FeO+MgO+TiO2  to  Si02/Al203  is  extremely  revealing  as  well.  Lamproite  and  high- 
alumina  basaltoid  melts  with  their  differentiates  also  occupy  isolated  fields  (I  and  II,  respectively), 
and  their  trends  are  arranged  nearly  perpendicular  to  each  other. 

5.  Conclusions.  A1  and  Mg  play  the  leading  role  among  petrogenic  components  which 
govern  the  difference  between  lamproite  magmas,  basanite-phonolite  and  shoshonite  melts.  At 
constant  Si02  content  (i.  e.,  stable  degree  of  differentiation),  the  behavior  of  these  minerals  favors 
high-magnesian  and  low-alumina  contents  (hence,  low  ratios  Al203/K20+Na20  and  Si02/Al203) 
of  lamproites.  These  features  can  be  used  as  genetic  criteria  which  may  help  to  ambiguously 
separate  lamproites  from  high-alumina  basanite-phonolite  and  shoshonite  rock  groups,  and  will 
also  help  to  register  possible  phenomena  of  hybridism  between  them. 
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PHYSICO-CHEMICAL  CONDITIONS  OF  CRYSTALLIZATION  OF  LOW-TITANIUM 
LAMPROITES  OF  ALDAN  (SIBERIA). 


L  I  Panina 

Institute  of  Mineralogy  and  Petrography,  Novosibirsk,  630090,  Russia 

The  Aldan  shield  is  abundant  in  Mesozoic  low-alumina  K-  and  Mg-rich  rocks  referred  to 
the  family  of  lamproites.  They  occur  as  sills,  dikes  and  diatremes  under  structural-tectonic 
conditions  typical  of  lamproites  and  in  mineralogical-petrochemical  features  they  are  similar  to  the 
latter  At  the  same  time  these  rocks  are  different  from  lamproites:  they  have  low-titanium  content, 
belong  mainly  to  miaskitic  type,  typically  do  not  contain  Ba-Ti-Zr  indicator  minerals  (Bogatikov, 
et  al.,1991). 

Using  methods  of  mineral  thermobarogeochemistry  -  methods  of  studying  solidified  melt 
inclusions  in  minerals,  we  have  elucidated  physico-chemical  conditions  of  formation  of  the  Aldan 
mica  lamproites:  (leucite)-olivine-pyroxene  and  richterite-sanidine  in  the  Murun  Massif,  olivine- 
pyroxene  at  the  Yakokut  Massif  and  in  the  Upper- Yakokut  Trough  and  olivine-pyroxene-leucite 
on  the  Molbo  River.  Combination  of  these  methods  allowed  data  to  be  obtained  on  crystallization 
temperatures  of  minerals,  chemical  composition  of  mineral-forming  medium  and  direction  of  its 
evolutional  transformation  as  well  as  on  fluid  composition  at  the  stage  of  crystallization  of 
phenocrysts. 

Crystallization  temperatures  of  minerals  were  determined  with  the  help  of  heating  and 
homogenization  of  the  fluid  inclusion  content  in  high  temperature  heating  stage,  under  steady 
microscope  observation  of  the  course  of  phase  transition.  Fluid  composition  was  elucidated  when 
analyzing  gaseous  phase  of  melt  inclusion  on  Raman-spectrometer  U-J000  "Jobin  Yvorf  The 
composition  of  silicate  components  of  melt  inclusions-crystalline  phases  and  glasses  -  was 
determined  on  electron  microprobe  "Camebax-micro"  The  composition  of  heated  melt  inclusions 
from  cores  of  the  earliest  phenocrysts  was  taken  as  the  composition  of  parent  magma.  The 
composition  of  unheated  glassy  inclusions  in  late  phenocrysts  and  minerals  of  groundmass  was 
compared  with  the  compositions  of  derivative  differentiated  melts.  The  composition  of  interstitial 
glass  in  partly  crystallized  melts  was  identified  with  the  composition  of  residual  melts  Proper 
selection  of  samples  allowed  variations  in  the  chemical  composition  of  melts  from  nearly  initial  to 
residual  to  be  observed  and  the  trend  of  magma  evolution  during  its  crystallization  to  be  plotted 

The  results  obtained  indicated  both  similar  features  and  distinctions  between  the  Aldan 
rocks  and  typical  lamproites  (Mitchell  and  Bergman,  1991). 

Crystallization  temperatures  of  minerals  in  the  Aldan  rocks  appeared  to  be  similar  to 
formation  temperatures  of  minerals  in  standard  lamproites:  in  the  Murun  and  Yakokut  massifs  and 
in  the  Upper  Yakokut  Trough,  pyroxene  phenocrysts  crystallized  in  the  range  of  1260-1 200°C, 
small  pyroxene  grains  -  1220-1 170°C,  while  olivine  phenocrysts  -  at  temperatures  essentially 
exceeding  1200°C.  In  the  Molbo  lamproites,  pyroxene  phenocrysts  crystallized  at  1240-1 180°C, 
apatite  -  1150-1030°C. 

The  chemical  composition  of  melts,  responsible  for  the  formation  of  the  Aldan 
lamproites,  though  being  similar  to  a  certain  degree,  was  substantially  different  from  the 
composition  of  common  lamproite  magmas.  The  latter  over  the  whole  period  of  crystallization 
(Panina,  1993)  are  characterized  by  low  contents  (2-8  wt.%)  of  AI2O3,  remain  agpaitic 
(K20+Na20/Al203>l),  have  low / (100FeO/FeO+MgO+TiO2<50  mol.%),  and  appreciable 
predominance  of  SiO^  over  AI2O3  (5  mol. quantities). 
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Upon  formation  of  the  Molbo  lamproites,  the  composition  of  initial  melts  was  also  low- 
alumina  (6-8%  AI2O3),  at  all  stages  the  transformations  remained  agpaitic,  Si02/Al203  was  not 
lower  than  6  mol. quantities,  while / was  mainly  within  65  mol.%.  Differentiated  melts  preserved 
rather  high  content  of  femic  components,  and  alkalis,  and  low  content  of  aluminum:  at  53  wt.% 
Si02  the  melts  contained  1.4  Ti02,  7.8  A1203,  11  Feo,  15  MgO,  3.3  CaO,  2.2  Na20,  1 1  K20,  and 
2.5  wt.%BaO  (Panina ,  Konev,  1995). 

The  melts  taking  part  in  formation  of  lamproites  of  the  Yakokut  Massif  and  Upper 
Yakokut  Trough  were  characterized  by  a  relatively  low  contents  of  A1203  (7-12  wt.%)  and  low / 
(only  at  late  stages  of  transformation /  slightly  exceeded  50  mol.%).  However,  the  ratio  of  alkalis 
and  A12C>3  at  different  stages  of  crystallization  of  melts  varied  significantly,  which  resulted  in 
either  agpaitic  or  miaskitic  character  of  melts.  The  Si02/Al2(>3  ratio  was  within  4.4-6  6 
mol.  quantities.  With  44.3  Si02in  initial  melts,  the  content  of  MgO  reached  16  wt  .%,  Al203-6.82, 
K20-5.85.  During  the  evolution  and  crystallization,  the  alumo-alkaline  component  in  melts  grew, 
the  contents  of  Si,  Ti,  Ba,  and  P  increased,  while  the  amounts  of  Ca  and  Mg  decreased  (Panina, 
etal.,  1995). 

In  the  Murun  Massif  the  content  of  Al203  in  initial  melts  during  crystallization  (Panina, 
Vladykin,  1994)  increased  more  appreciably  (to  15-19  at  60-63%  Si02),/ typically  exceeded  50 
mol.%,  the  ratio  SiCVAkC^  did  not  reach  5  mol.  quantities,  Na20+K20/Al2C>3  was  lesser  than  1, 
i.e.  differentiated  derivative  melts  acquired  a  distinct  miaskitic  character  in  spite  of  the  fact  that 
the  majority  of  lamproite  rocks  of  Murun  are  agpaitic. 

On  the  diagrams,  reflecting  the  position  of  alumina-poor  lamproites  and  high-alumina  K- 
basaltoids  in  the  system  (K20+Na20)  -  A1203  -  (MgO+FeO+CaO)  (Panina,  1993),  the  rocks  of 
the  Molbo  River  and  glasses  in  their  minerals  completely  fall  into  the  field  of  lamproites.  They 
form  a  single  evolution  trend  directed  towards  the  increase  of  the  content  of  alkalis  and  a  decrease 
in  the  content  of  femic  components  and  aluminum.  The  Yakokut  rocks  and  the  melts  preserved  in 


1,2  -  Aldan  lamproites  and  glasses  in  their  minerals  (respectively);  3  -  wyomingite  of  Leucite 
Hills;  4  -  leucite  lamproites  of  Noonkanbah;  5  -  olivine  lamproites  of  Ellendale;  6-7  -  Spanish 
lamproites  and  glasses  in  their  minerals  (respectively). 
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their  minerals  are  located  mainly  in  the  field  of  lamproites  close  to  the  separating  line,  only  locally 
going  beyond  it  to  the  field  of  K-basaltoids.  The  composition  of  inclusion  glasses  mainly  fall  into 
the  field  of  occurrence  of  compositions  of  leucite  lamproites  of  the  Noonkanbah  field  (Australia) 
and  Leucite  Hills  (USA).  The  Murun  rocks  are  localized  in  the  field  of  lamproites,  while  glasses  in 
their  minerals  are  localized  completely  in  the  field  of  Al-rich  basaltoids,  not  far  from  the 
separating  line  The  lamproites  of  Spain  and  inclusion  glasses  in  their  minerals  are  arranged  similar 
to  them  (Bogatikov,  1991). 

The  composition  of  volatile  components  participating  in  formation  of  the  Aldan  rocks 
and  typical  lamproites  is  essentially  different  As  known  (Kadik,  1986),  fluids  in  deep-seated  melts 
are  typically  represented  by  water-carbon  dioxide  which  are  responsible  for  the  metasomatic 
transformation  of  mantle  substrate  and  promote  melting  of  high  pressure  magmas.  On 
crystallization  of  diamondiferrous  lamproites  of  Western  Australia,  C02  was  established  to  be  of 
major  and  F  -  of  considerable  importance  in  the  composition  of  fluids  ( Sobolev ,  et.al.,  1985). 

The  gas  component  of  melt  inclusion  in  olivine  in  the  Yakokut  lamproites  was  represented 
by  41  C02  and  58.9  N2,  in  pyroxene  -  100  mol  %  N2.  The  presence  of  other  volatiles  was  also 
observed  in  inclusion  glasses:  from  0.37  F  and  0.35  wt.%  Cl  in  heated  glasses  from  pyroxene  of 
the  Yakokut  rocks  and  to  0.37  S03  and  0.47  wt.%  Cl  in  unheated  glasses  from  Molbo  apatites. 
The  composition  of  glassy  incusions  in  the  Murun  Massif  displayed  lesser  amount  of  Cl  (0. 1-0.2 
wt.%)  and  greater  concentrations  of  S03:  0. 19  -  in  silicate  and  16.9  wt.%  in  salt  melts.  It  is 
assumed  that  during  crystallization  of  initial  melts  the  content  of  Cl,  SO3  and  perhaps  F  and  C02 
increased  and  critical  values  at  about  800°C.  At  these  values  the  melt  separated  into  silicate  and 
salt  (sulfate-carbonate?)  components. 

Conclusions  Appreciable  distinctions  of  the  substance  composition  and  physico-chemical 
features  of  formation  of  the  Aldan  lamproitic  rocks  from  common  lamproites  may  be  associated 
with  the  peculiar  lamproitic  magmatism  of  the  region.  The  predominance  of  nitrogen  fraction  in 
fluid  composition  on  crystallization  of  olivine  and  its  nearly  absolute  value  on  formation  of 
pyroxene  may  suggest  low-depth  conditions  of  generation  and  crystallization  of  the  Aldan  low- 
titanium  lamproite  magmas.  The  low-pressure  conditions  might  have  been  the  reason  of  the 
depletion  of  fused  melts  in  Ti  and  Zr  typical  of  common  lamproites,  which  are  transported  mainly 
by  high  pressure  alkaline  fluids  We  cannot  also  rule  out  that  the  specific  character  of  the 
lamproite  magmtism  of  the  region  was  in  some  cases  affected  by  mixing  of  typical  lamproite  melts 
with  K-basaltoid  magmas.  This  assumption  is  favored  by  some  peculiar  features  of  the  chemistry 
of  rock-forming  minerals  and  numerous  similar  features  between  the  Aldan  lamproites  and 
derivatives  of  K-basaltoid  magmas,  which  are  especially  distinct  in  those  objects  where 
simultaneously  both  of  these  families  are  wide  spread  (for  example,  in  the  Murun  Massif). 

Bogatikov  O.B.,  Ryabchikov  I.D., Kononova  et  al.  1991.  Lamproites.  Nauka,  Moscow.  297  pp. 
Kadik  A. A.  1986.  Geologya  i  Geofizika,  7,  70-73. 

Mitchell  R.H.  and  Bergman  S.C.  1991  Petrology  of  lamproites.  Plenum  Press,  New  York, 

445  pp. 

Panina  L.l.  1993.  Geologiya  i  Geofizika.  6,  82-89. 

Panina  L.I.,  Vladykin  N.V.  1994.  Geologiya  i  Geofizika.  12,  100-113. 

Panina  L.l. ,  Konev  A. A.  1995.  Geochimiya,  in  press. 

Panina  L.L ,  Usoltseva  L.M.,  Vladykin  N.V.  1995.  Geologiya  i  Geofizika,  in  press 
Sobolev  A.V.,  Sobolev  N.V,  Smith  C.B.  etal.  1985.  Dokl.AN  SSSR.v.284,  1,196-201. 


423 


LASER  40AR/39AR  ANALYSES  OF  PHLOGOPITES  FROM  KIMBERLITES  AND  THEIR 

XENOLITHS:  CONSTRAINTS  ON  ERUPTION  AGES  OF  SOUTHERN  AFRICAN  AND 
SIBERIAN  KIMBERLITES  AND  MANTLE  VOLATILE  COMPOSITIONS. 

Pearson1,  D.G.,  Kelley2,  S.P.,  Pokhilenko3,  N.P.,  Boyd4,  F.R. 

1.  Dept.  Geological  Sciences,  Durham  University,  South  Rd,  Durham,  DH1  3LE,  U.K. 

2.  Department  of  Earth  Sciences,  The  Open  University,  Milton  Keynes,  MK7  6AA,  U.K. 

3 .  Institute  of  Mineralogy  and  Petrography,  Siberian  Branch,  Russian  Academy  of  Sciences, 

Novosibirsk,  Russia. 

4.  Geophysical  Laboratory,  5251  Broad  Branch  Rd.  Washington,  DC  20015,  U.S.A 

Determining  kimberlite  eruption  ages  is  of  great  economic  importance  in  the  search  for  diamonds 
but  has  proven  to  be  very  problematic  and  time  consuming.  Previous  attempts  at  K-Ar  and 
conventional  step-heating  Ar  analysis  of  kimberlite  and  xenolith-derived  phlogopites  have  identified 
considerable  "excess”  radiogenic  argon  that  results  in  some  "ages"  being  considerably  older  than  the 
accepted  eruption  ages  (e.g.,  Phillips  and  Onstott,  1986).  The  laser  4l)Ar/'39Ar  technique  offers  a 
rapid,  insitu  technique  for  dating  individual  mineral  grains  following  their  irradiation  and  has  been 
previously  applied  to  kimberlites  and  diamond  inclusions  with  varying  success  (Burgess  et.  al., 
1989;  Phillips,  1991;  Phillips  and  Onstott,  1986;  Phillips  et.  al,  1989).  A  detailed  laser-probe  study 
(Phillips,  1991)  of  xenolith  and  kimberlitic  phlogopites  from  southern  Africa  revealed  considerable 
systematic  and  non-systematic  zonation  of  "excess"  Ar  and  Cl  concentrations  across  {001}  cleavage 
surfaces.  Clearly,  in  such  cases  the  conventional  step-heating  and  K-Ar  methods  do  not  yield 
reliable  ages.  In  this  study  we  have  analysed  phlogopites  from  xenoliths  and  the  host  kimberlite 
from  southern  Africa  and  Siberia  to: 

a)  estimate  the  eruption  ages  of  some  important,  un-dated  diamondiferous  and  non-diamondiferous 
kimberlites,  b)  further  constrain  the  origin  of  the  abundant,  apparent  "excess"  argon  detected  by 
previous  studies  by  examining  in-situ  spatial  variations  with  the  laser  probe,  and  c)  acquire 
information  about  the  nature  and  origin  of  deep  mantle  metasomatic  fluids  and  their  possible  relation 
to  diamond  formation. 

At  least  three  and  often  over  10  spots  were  analysed  from  each  grain,  depending  on  their  size. 
Two  types  of  Ar  isotopic  zonation  are  observed  which  directly  translate  into  variation  in  "apparent 
ages".  Firstly,  phlogopites  that  appear  as  phenocrysts  or  macrocrysts  in  the  kimberlites  yield 
41W/39Ar  values  that  are  either  invariant,  or  that  vary  in  a  non-systematic  manner  across  the  grain. 
This  behaviour  has  been  observed  in  some  phlogopite  xenoliths  from  the  Swartruggens  kimberlite 
(Phillips,  1991).  Secondly,  phlogopites  from  glimmerite,  mica-peridotite  or  crustal  xenoliths  have 
old  core  ages  which  decrease  rimwards  (see  Fig.).  The  xenolith  rim  "ages"  approximate  the 
eruption  age  of  the  kimberlite  pipe  given  by  U-Pb  zircon  measurements  (Davis  et.al.,  1980),  recent 
perovskite  U-Pb  determinations  (Kinny  et  al,  this  volume)  but  in  most  cases  are  above  this  value 
(see  Fig.).  The  lack  of  pronounced  core-rim  age  zonation  in  the  phenocrystal  and  macrocrystal 
phlogopites  in  Table  1  suggests  that  the  mean  ages  may  approximate  theemj){acement  age  of  the 
kimberlite  pipe.  This  is  supported  by  the  good  agreement  between  the  40Ai-39Ar  age  of  Udachnaya 
(east)  given  by  U-l  and  two  recent  perovskite  206pb/238u  ages  0f  375  ±  3  an(j  374  ±  5  Ma  (Kinny 
et.  el.,  1995).  This  age  is  higher  than  that  usually  reported  for  Udachnaya.  We  also  note  that  the 
two  laser-probe  Ar-Ar  ages  for  Mir  are  in  the  same  range  as  Udachnaya  but  significantly  older  than 
the  351  ±7  U/Pb  age  for  Mir  determined  by  Davis  (1980).  More  within  grain  age  variation  exists  in 
the  Mir  phlogopites  compared  to  U-l  and  it  is  possible  that  the  high  ages  are  influenced  by  “excess” 
argon.  Significantly,  individual  spot  analyses  on  the  rim  of  M(a)  range  down  to  355  Ma. 

40Ar/39Ar  ages  for  the  xenolith  phlogopites  are  much  more  variable  (see  Fig.)  and  the  variations 
with  individual  grains  are  characteristic  of  diffusion  profiles.  Phillips  (1991)  found  that  ages  at  the 
rims  of  xenolith  phlogopites  are  close  to  the  accepted  age  of  pipe  emplacement.  This  was  also  the 
case  for  phlogopites  we  analysed  from  two  South  African  kimberlites  (Letseng  and  Kampfersdam). 
In  contrast,  ages  of  the  rims  of  phlogopites  from  the  Udachnaya  xenolith  UV22/72  do  not  come 
IGa  of  the  eruption  age  of  the  kimberlite  (Fig.).  Given  the  high  Ar  diffusivity  in  phlogopite  at 
mantle  temperatures,  e.g.,  a  1mm  diameter  grain  should  totally  homogenise  in  less  than  a  year  at 
1000°C  this  difference  in  the  age  profiles  across  the  grains  studied  here  may  imply  faster  eruption 
rates  compared  to  the  South  African  kimberlites.  All  the  South  African  pipes  studies  so  far  exhibit 
Ar  loss  over  virtually  the  whole  grain  whereas  the  Udachnaya  samples  exhibit  relatively  less  Ar 
loss.  This  observation  and  other  evidence  such  as  the  lack  of  resporbtion  of  Udachnaya  diamonds 
and  the  presence  of  mantle  xenoliths  weighing  up  to  120  Kg  suggest  a  more 
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rapid  ascent  for  this  kimberlite  compared  to  South  African  examples.  The  observation  that  Ar 
isotopes  in  large  phlogopites  (1mm  or  more)  from  kimberlites  are  not  fully  homogenised  supports 
•estimates  of  total  ascent  times  of  2-15  hns. 

Table  1:  Averaged  40Ar/39Ar  ages  of  kimberlite  phenocrysts  and  macrocrysts  from  Siberian 
kimberlites.  Ages  are  the  mean  of  several  spot  analyses  on  a  single  phlogopite  grain. 


Sample 

Mean  age  (Ma) 

±(lo) 

no.  spots/grain 

Mir 

Mir  (a) 

382 

11 

5 

Mir  (b) 

372 

12 

5 

Udachnaya  (east) 

UV-1 

374 

7.5 

3 

Obnazhetmaya 

0-1 

416 

36 

7 

Leningrad 

L-l 

385 

22 

3 

A  major  question  arising  from  the  data  is  whether  the  high  ages  in  the  cores  of  the  grains  (over  2 
Ga  older  in  the  case  of  UV22/72)  which  are  far  older  than  the  pipe- emplacement  age,  are  merely  the 
product  of  trapped  “excess”  Ar  in  response  to  elevated  fluid  pressures  (Phillips,  1991),  or  indicative 
of  the  actual  formation  ages  of  the  phlogopites  in  the  mantle.  The  2.1  to  2.4  Ga  “ages”  in  the  core 
of  UV22/72  are  within  the  range  of  Re-Os  model  ages  observed  in  Udachnaya  peridotite  xenoliths 
(Pearson  et.  al.,  1995)  and  mantle  zircon  ages  of  1.8  to  2  Ga  have  been  reported  from  Yakutian 
kimberlites  (Kinny  et.  al.,  this  volume).  Is  this  similarity  in  ages,  just  co-incidental  or  could  the 
ancient  Ar  ages  represent  a  metasomatic  event  introducing  high-K  fluids/melts  into  the  Siberian 
lithosphere?  However,  at  mantle  conditions  Ar  can  only  be  retained  by  phlogopite  in  an 
environment  of  high  pAi  or  where  there  is  no  fluid  phase  to  transport  it  large  distances  along 
intergrain  boundaries.  It  is  currently  unclear  whether  the  high  radiogenic  Ar  concentration  has 
accumulated  accumulated  due  to  K  decay  since  the  formation  of  the  phlogopite,  whether  the 
phlogopite  acted  as  a  sink  for  transient  fluids  rich  in  radiogenic  Ar,  or  whether  the  phlogopite 
crystallised  just  prior  to  eruption  from  fluids  carrying  radiogenic  Ar  from  other  parts  of  the 
lithosphere.  The  existence  of  fluids  in  the  lithosphere  containing  a  high  inventory  of  radiogenic  Ar 
has  been  demonstrated  from  diamond  inclusion  studies  (Ozima  et  al.,  1989;  Burgess  et.al.,  1992). 

It  is  hoped  that  studies  of  the  relationship  between  Ar  systematics  and  other  isotope  systems  in  other 
kimberlites  will  illuminate  this  paradox. 
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RE-OS  ISOTOPE  EVIDENCE  FOR  LATE  ARCHAEAN  STABILISATION  OF  A  THICK 
LITHOSPHERIC  MANTLE  KEEL  BENEATH  THE  KIRKLAND  LAKE  AREA,  SUPERIOR 
PROVINCE,  CANADA.  FURTHER  EVIDENCE  FOR  LONG-TERM  CRUST-MANTLE 

COUPLING. 
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The  age  of  lithospheric  mantle  underlying  cratons  and  its  relationship  to  the  overlying  crust 
remain  a  major  goal  in  the  study  of  crust-mantle  evolution.  Crustal  ages  are  widely  documented  in 
many  areas,  particularly  in  the  Superior  Province  of  the  Canadian  Shield  but  we  have  very  little 
information  on  the  nature  and  age  of  the  underlying  mantle.  Using  measurements  of  seismic 
anisotropy  defined  by  shear-wave  splitting,  Silver  &  Chan  (Silver  and  Chan,  1988)  found 
seismically  distinct  mantle  lithosphere  beneath  the  Superior  Province  and  the  Canadian  Shield  in 
general  to  depths  of  200  km.  Furthermore,  these  experiments  showed  that  the  anisotropy 
preserved  in  the  mantle  lithosphere  at  depth  correlated  in  many  cases  with  the  dominant  geological 
fabric  in  the  crustal  rocks  and  implies  that  the  fabric  and  thus  age  of  the  mantle  lithosphere  is  at 
least  that  of  the  last  major  orogenic  event  affecting  the  crustal  rocks,  i.e.,  the  Kenoran  Orogeny, 
2.73  to  2.65  Ga  (Goodwin,  1991).  Lack  of  samples  from  the  lithospheric  mantle  beneath  this 
region  has  hitherto  prevented  this  model  being  tested. 

Recently,  Meyer  et.  al.  (1994)  described  a  suite  of  10  small,  <10  cm,  peridotite  xenoliths  from 
a  drill  core  through  the  C-14  kimberlitic  tuffisitic  breccia  in  the  Kirkland  Lake  area,  N.  Ontario. 
The  xenoliths  are  coarse  grained  (^  6mm)  and  two  display  porphyroclastic  textures.  Most 
xenoliths  are  coarse  granular  Iherzolites  ±  garnet,  mg  numbers  of  olivines  vary  between  91  and 
92  (Meyer  et  al.,  1994),  i.e.,  the  xenoliths  are  depleted  in  basaltic  elements  relative  to  Bulk  Earth. 
Garnets  in  the  xenoliths  are  of  the  chrome-pyrope  variety  and  are  Ca-saturated  in  that  they  plot 
within  the  lherzolite  field  defined  by  Sobolev  et  al.  (1973).  A  low  proportion  of  concentrate 
garnets  (<10%)  fall  within  the  sub-calcic  garnet  field  (Meyer  et  al.,  1994).  Thermobarometrically 
derived  equilibration  conditions  for  the  peridotites  plot  between  the  40  to  44  mWnr2  reference 
geotherms  depending  on  the  formulation  used  and  most  of  the  xenoliths  appear  to  have  been 
derived  from  the  diamond  stability  field  (Meyer  et  al.,  1994).  Derivation  of  the  xenoliths  from 
within  the  diamond  stability  field  is  supported  by  the  subeconomic  occurrence  of  diamond  the  C- 
14  kimberlite  (Meyer  et  al.,  1994).  Thus,  the  samples  appear  to  be  fragments  of  the  deep 
lithospheric  mantle  "keel''  identified  by  Silver  and  Chan  (1988).  The  data  appear  consistent  with 
equilibration  conditions  derived  from  other  peridotite  cratonic  xenolith  suites  e.g.,  those  from  the 
Kaapvaal  craton  (Finnerty  and  Boyd,  1987). 

The  xenoliths  recovered  from  drill  core  by  Meyer  et.  al.  (1994)  were  too  small  for 
representative  bulk  analyses  and  most  were  severely  altered.  However,  recent  successful 
applications  of  the  Re-Os  isotope  system  in  estimating  lithospheric  mantle  formation  ages  (Carlson 
and  Irving,  1994;  Pearson  et  al.,  1994;  Pearson  et  al .,  in  press;  Pearson  et  al.,  1995a;  Reisberg  et 
al.,  1991;  Walker  et  al.,  1989)  prompted  us  to  analyse  three  of  the  most  amenable  samples  in 
order  to  estimate  their  age.  Normal  application  of  the  Re-Os  isotope  system  to  estimating  the  age 
of  peridotite  suites  involves  analysing  20  or  so  xenoliths  to  reveal  the  likely  full  range  of  ages. 
Obviously  this  study  is  limited  in  this  regard  because  of  the  previously  mentioned  sampling 
problems.  Three  xenolith  samples  were  sawn  from  the  drill  cores  and  any  adhering  kimberlite 
removed.  Powders  were  prepared  in  a  small  alumina  ball  mill  and  were  dissolved  in  Carius  Tubes 
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(Shirey  and  Walker,  1994)  to  ensure  spike-sample  equilibration  .  The  results  are  presented  in 
Table  1. 

Table  1:  Os  isotopic  analyses  of  peridotite  xenoliths  from  the  Kirkland  Lake  area.  Ages  and  yos 
values  are  calculated  relative  to  the  mantle  evolution  curve  given  by  Walker  et  al.  (1994).  The  age 
estimations  are  minimums  in  that  they  are  calculated  assuming  Re/Os  =  0,  i.e.,  all  Re  was 
removed  during  the  initial  melting  event. 


Sample 

Os  ppb 

187Os/188Os 

YOs 

Minimum  age,  Ga 

22002 

2.58 

0.12046  ±  40 

-5.2 

1.1 

22003 

6.00 

0.11761  ±  14 

-7.5 

1.5 

22006 

2.02 

0.11054  ±  14 

-13.0 

2.6 

Unfortunately,  Re  concentrations  have  not  been  determined,  yos  values  range  from  -5.2  to  - 
13.0,  the  later  value  being  considerably  less  radiogenic  than  any  samples  of  oceanic  lithosphere  or 
mantle  beneath  young  orogenic  areas  thus  far  measured.  The  unradiogenic  Os  isotope 
composition  of  22006  is  within  the  range  of  other  peridotite  xenoliths  erupted  in  the  cratons 
(average  yos  for  Kaapvaal  peridotites  —10,  Pearson  et.  al.,  in  press).  Thus,  from  mineral 
compositions,  equilibration  conditions  and  Os  isotope  systematics  the  Kirkland  Lake  xenoliths  are 
similar  to  other  mantle  beneath  cratons. 

Estimating  the  likely  age  of  the  cratonic  mantle  beneath  this  part  of  the  Superior  Province 
region  is  not  straightforward  with  just  3  samples.  Two  samples  give  minimum  Re  depletion  ages 
of  1.1  and  1.5  Ga  whereas  22006  gives  a  minimum  age  of  2.6  Ga.  The  small  size  of  these 
xenoliths  makes  it  highly  probable  that  they  have  experienced  Re  addition  from  the  host 
kimberlite.  U/Pb  analyses  of  perovskites  from  an  unspecified  Kirkland  Lake  kimberlite  dyke 
yielded  an  emplacement  age  of  158  ±  2  Ma  (Heaman,  1989).  If  the  C-14  intrusion  is  of  a  similar 
age  then  radiogenic  Os  in-growth  in  the  peridotites  since  kimberlite  emplacement  will  lower  the 
calculated  ages.  This  means  that  the  values  given  in  Table  1  are  probable  underestimates  of  the 
“minimum”  age  by  about  0.1  Ga  if  they  have  even  average  cratonic  peridotite  Re  contents.  If  a  Re 
content  of  50  ppt  is  assumed  for  22006,  comparable  to  that  expected  for  Kaapvaal  peridotite,  or 
massif  peridotite  with  a  similar  mg  number  this  results  in  a  Re-Os  model  age  of  3.2  Ga.  This  is  a 
possible  age  for  this  sample  and  thus  the  lithospheric  mantle  in  this  region.  Although  3.2  Ga  is 
within  the  range  of  crustal  ages  reported  for  the  Superior  Province  (Goodwin,  1991),  it  is 
considerably  older  than  the  age  of  the  crust  in  the  extensive  Abitibi  granitoid-greenstone  belt 
(2.73  to  2.67  Ga,  Corfu  et.  al.,  1989)  into  which  the  Kirkland  Lake  kimberlites  intrude.  In  fact 
the  2.6  ±  0.3  Ga  (likely  2.7  Ga)  minimum  Re  depletion  age  for  the  peridotite  xenolith  (22006, 
Table  1)  overlaps  this  major  period  of  crust  building  and  greenstone  belt  formation  in  the  Abitibi 
Belt. 

Previous  Re-Os  isotope  studies  of  xenolith  suites  from  the  Kaapvaal,  Siberian  and  Wyoming 
cratons  (Carlson  et  al.,  1994;  Pearson  et  al.,  in  press;  Pearson  et  al.,  1995a;  Pearson  et  al., 

1995b;  Walker  et  al.,  1989)  have  concluded  that  formation  of  lithospheric  mantle  keels  overlaps 
the  period  of  major  crust  building.  This  notion  is  further  supported  by  the  coincidence  of  2.1  Ga 
Re  depletion  ages  in  peridotites  from  Namibian  kimberlites  and  the  stabilisation  of  regional  crust 
in  southern  Namibia  at  2.1  Ga  (Pearson  et  al.,  1994).  Although  caution  should  be  exercised  in 
the  interpretation  of  the  3  Kirkland  Lake  xenoliths  studied  here,  it  is  possible  that  the  lithospheric 
mantle  keel  beneath  this  part  of  the  Superior  Province  formed  contemporaneously  with  the  Abitibi 
crustal  units.  Certainly,  the  finding  of  a  peridotite  xenolith  of  at  least  Late  Archaean/Early 
Proterozoic  age  indicates  that  the  crust  and  mantle  have  been  coupled  over  Ga  time  scales,  to 
depths  in  excess  of  150  km,  confirming  the  hypothesis  of  Silver  and  Chan  (1988)  based  on 
seismic  studies. 
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Despite  intensive  research  the  nature  of  kimberlite  and  lamproite  source  regions  remains 
controversial.  Since  the  recognition  of  two  isotopically  distinct  groups  of  southern  African 
kimberlites  (Smith,  1983)  numerous  "transitional"  varieties  have  been  found  which  may  have 
originated  either  entirely  within  the  lithosphere  or  as  mixtures  of  asthenosphere-  and  lithosphere- 
derived  melts.  In  addition,  phase  equilibria  studies  indicate  that  some  kimberlites  may  originate 
from  at  least  300  km  deep  (Edgar  and  Charbonneau,  1993)  while  ultra-high  pressure  inclusions 
found  in  some  diamonds  allow  an  origin  from  670  km  or  even  the  lower  mantle-core/mantle 
.  boundary  (Haggerty,  1994).  To  further  constrain  genetic  models  we  have  analysed  a  suite  of  well 
characterised  southern  African  kimberlites  and  a  varied  suite  of  lamproites  from  the  western  U.S.A 
and  Australia  The  highly  distinctive  Os  isotope  composition  of  lithospheric  mantle  (Carlson  and 
Irving,  1994,  Pearson  et.  al.,  in  press;)  and  the  tendency  for  Os  to  trace  the  major  element  evolution 
of  magmas  should  make  the  Re-Os  isotope  system  a  powerful  tracer  of  magma  source  regions. 

Re  (20-680  ppt;  mean  287  ±  203  ppt)  and  Os  (700  ppt  to  3.1  ppb;  mean  1.3  ±  0.8  ppb)  contents 
of  the  kimberlites  (n=16)  are  highly  variable  with  no  distinction  between  Group  I,  Group  II  or 
transitional  variants.  Lamproites  and  associated  rocks  (n=12)  have  systematically  lower  Re  contents 
(15  to  398  ppt;  mean  130  ±  120  ppt),  and  generally  lower  Os  contents  (113  ppt  to  2.23  ppb;  mean 
570  ±  626  ppt)  than  either  group  of  kimberlites  but  their  187Re/1880s  values  are  the  same  within 
error  (Kimb.  1.5±1.44;  Lamp.  1.7  ±  1.5).  Os  shows  a  broad  positive  correlation  with  Ni, 
especially  for  the  Group  I  kimberlites.  Re  is  uncorrelated  with  Ni  or  incompatible  elements  such  as 
Ba.  The  Re  contents  of  kimberlites  and  lamproites  are  surprisingly  low.  Although  it  is  tempting  to 
speculate  on  the  significance  of  this  we  are  uncertain  to  what  extent  this  may  be  the  result  of  sulphide 
breakdown  and  oxidation  during  explosive  eruption.  Most  of  the  samples  studied  here  are  young 
enough  and  of  high  enough  Os  content  that  more  than  a  factor  of  10  loss  of  Re  would  be  needed  to 
significantly  change  the  conclusions  regarding  initial  isotopic  compositions. 

18?Os/l880s  in  the  kimberlites  vary  from  0.11405  to  0.13918  in  Mesozoic.  Calculated  initial  Os 
isotopic  compositions,  expressed  as  yos  values  ( percent  deviation  from  Bulk  Earth  at  the  time  of 
eruption)  for  the  Mesozoic  kimberlites  range  from  -10  to  6.7.  There  are  no  systematic  differences 
between  initial  yos  values  for  Mesozoic  Group  I  and  Group  II  kimberlites  (Fig.  1)  and  this  is 
consistent  with  the  broad  similarities  seen  in  their  PGE  patterns  (McDonald  et.  al.,  1994).  The  least 
radiogenic  sample  is  from  the  Group  II  Bellsbank  kimberlite  which  contains  a  very  high  abundance 
of  olivine  macrocrysts  .  This  facies  of  the  Bellsbank  kimberlite  is  estimated  to  consist  of  up  to  90% 
macrocrystic  olivine  in  places,  possibly  derived  from  disrupted  peridotite  xenoliths.  A  further 
sample  prepared  by  hand-picking  macrocryst-free  fragments  of  the  kimberlite  contained  substantially 
lower  Os  (2.3  vs  3.1  ppb  for  the  bulk  sample)  of  more  radiogenic  isotopic  composition  (yos  -7  vs.  - 
10).  The  yos  value  of  -10  for  the  bulk  sample  is  remarkably  close  to  the  mean  yos  value  of  -10.0  ± 
4.7  for  21  Low-T  Kaapvaal  peridotite  xenoliths  (Pearson  et.  al.,  in  press)  suggesting  that  Os  in  this 
macrocry st- rich  sample  is  dominated  by  comminuted,  Os-rich  (~3  ppb)  peridotite.  The  possible 
influence  of  this  process  on  the  kimberlite  suite  as  a  whole  can  be  seen  from  the  general  correlation 
between  yos  and  I/Os  (Fig.  2).  It  is  therefore  possible  that  the  Os  isotopic  signature  in  some 
kimberlites  is  largely  dominated  by  incorporation  of  >50%  lithospheric  peridotite  into  the  kimberlite. 
This  is  compatible  with  the  suggestion  that  the  very  high  Ni  contents  in  Finsch  kimberlites  are  due  to 
incorporation  of  over  50%  lithospheric  peridotite  by  comminution  (Fraser  and  Hawkesworth,  1992). 
A  further  possibility  is  the 


contamination  of  kimberlite  magma  by  siderophile  element  enriched  "nuggets"  within  the  lithospheric 
mantle  (McDonald  et.  al.,  1994). 

The  more  radiogenic  Os  isotope  compositions  of  both  groups  of  kimberlites  may  be  influenced 
by  crustal  contamination,  the  lower  Os  samples  generally  having  higher  Yos  values  (Fig.  2)  although 
no  strong  trend  is  apparent.  The  samples  studied  are  hypabyssal  facies,  selected  for  their  lack  of 
visible  crustal  contamination  and  the  proportions  of  Archaean  crust  (up  to  20%)  required  by  simple 
mixing  calculations  (Fig.  2)  seem  unreasonably  high.  What  then,  is  the  nature  of  the  kimberlite 
source  ?  Despite  the  probable  influence  of  disaggregated  peridotite  on  the  Os  isotope  signatures  of 
kimberlites  few  of  them  plot  within  the  field  for  Kaapvaal  peridotites  (Low-T  and  High-T)  in  Nd-Os 
isotope  space  (Fig.  3).  The  Os  isotope  compositions  of  5  metasomites  from  the  Kimberley  pipes 
(GPP-PKP-MARID's),  yos  -13.1  to  9.4,  overlap  both  the  unradiogenic  and  radiogenic  end  of  the 
Os  isotope  range  for  southern  African  kimberlites  (Fig.  1)  but  none  plot  within  the  main 
compositional  range.  One  MARID  sample  gives  a  Re-Os  model  age  of  170  ±  30  Ma.,  within  the 
range  of  ages  for  lamberlite  activity  in  the  region.  This  and  other  data  indicate  that  the  metasomites 
occurring  in  the  Kimberley  pipes  are  more  likely  products  of  kimberlite  magmatism  rather  than  its 
source.  The  data  do  not  allow  us  to  accurately  constrain  the  Os  isotope  composition  of  kimberlite 
source  regions  but  the  clustering  of  compositions  around  the  chondritic  average  (Yos  =  0)  f°r  both 
Group  I  and  Group  II  kimberlites  do  not  require  large  volumes  of  ancient  depleted  lithosphere  as  the 
dominant  source  component  in  either  group  if  Os  traces  the  major  elements.  This  does  not  preclude 
the  highly  incompatible  elements  in  Group  II  kimberlites  originating  from  highly  enriched  reservoirs 
such  as  those  present  in  the  lithosphere.  A  deep  (300  km  or  more)  origin  from  subducted  oceanic 
lithosphere  variably  metasomatised  by  subducted  sediments  is  also  permitted  by  the  data. 

The  Os  isotope  compositions  of  the  lamproites  are  much  more  variable  than  those  of  kimberlites 
and  most  are  more  radiogenic  than  Bulk  Earth  (Fig.  3).  These  radiogenic  values  cannot  realistically 
be  explained  by  contamination  with  crust  and  appear  to  require  highly  heterogeneous  sources. 
Samples  from  throughout  the  Wyoming  Craton  have  consistently  radiogenic  Os  isotope 
compositions  although  Ejsjd  varies  widely  (Fig.  3).  Websterite  and  a  mica-dunite  xenoliths  from 
Montana  (Carlson  and  Irving,  1994)  are  the  only  mantle  samples  thus  far  analysed  that  overlap  the 
low  ENd-high  Yos  isotopic  compositions  of  some  lamproites.  Lamproite  sources  may  be  quite 
different  from  those  of  kimberlites  and  the  great  isotopic  variability  of  lamproites  may  be  explained  if 
they  originated  from  complex  sources  consisting  of  veined  lithospheric  mantle  (Foley,  1992).  In 
terms  of  isotopes,  a  compositie  source  similar  to  mica-pyroxenite  ±  harzburgite  wall  rock  could  be  a 
plausible  lamproite  source.  The  isotopic  data  indicate  that  Group  II  kimberlites  and  lamproites  are 
unlikely  to  originate  from  similar  sources. 
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KIMBERLITES  IN  THE  SLAVE  STRUCTURAL  PROVINCE,  NORTHWEST  TERRITORIES,  CANADA:  A 
PRELIMINARY  REVIEW 

Pell,  J.A. 

NWT  Geological  Mapping  Division,  Department  of  Indian  Affairs  and  Northern  Development,  Box  1500, 
Yellowknife,  NT,  X1A  2R3,  Canada 

The  Slave  Structural  Province  of  the  Northwest  Territories,  northern  Canada  is  an  Archean  segment  of 
the  North  American  Craton  that  covers  213  000  km2.  It  is  composed  of  granites,  gneisses  and  supracrustal 
rocks.  Sialic  basement  remnants  are  well  documented  in  the  Slave;  the  oldest  rocks  in  the  world,  the  Acasta 
gneisses,  which  have  been  dated  at  4.02  Ga,  are  found  in  the  western  part  of  the  province.  Metasedimentary 
and  lesser  metavolcanic  rocks  of  the  Yellowknife  Supergroup,  deposited  mainly  between  2.71  and  2.61  Ga, 
dominate  the  supracrustal  sequences.  Syn-  to  post-volcanic  granitoid  plutons  cover  approximately  65%  of  the 
Slave  (Padgham  and  Fyson,  1992).  Four  swarms  of  Proterozoic  diabase  dykes,  ranging  in  age  from  1.27  to 
2.23  Ga,  cut  the  older  units  (LeCheminant  and  van  Breeman,  1994).  The  Slave  Province  is  a  classical  setting 
for  diamondiferous  kimberlites;  a  stable  Archean  craton  with,  as  suggested  by  seismic  tomography,  a  cool 
mantle  root  (Anderson  et.  al.,  1992). 

Kimberlites  were  first  found  in  the  Slave  Province  in  1991  and  since  then  over  100  pipes  have  been 
found.  Few  of  the  kimberlites  in  the  Slave  Province  outcrop;  most  have  been  discovered  using  a  combination  of 
heavy  mineral  sampling,  geophysical  techniques  and  drilling.  Many  of  the  pipes  have  well  developed  indicator 
mineral  trails  within  the  glacial  tills  that  cover  much  of  the  area  and  are  characterized  by  magnetic  anomalies 
(either  highs  or  lows)  and  resistivity  lows. 

The  majority  of  Slave  pipes  cluster  in  a  northwest-trending  zone,  roughly  parallel  to  the  Bathurst  Fault, 
a  Proterozoic  structure  related  to  the  docking  of  the  Slave  with  the  Rae  (Churchill)  Province  (Hoffman,  1989). 
This  zone,  which  is  approximately  135  kilometres  long,  is  centred  north  of  Lac  de  Gras,  in  the  centre  of  the 
Slave  Province  (Figure  1).  Many  of  the  pipes  in  this  zone  appear  to  be  aligned  along  conjugate,  northeast¬ 
trending  structures.  Crater  facies,  diatreme  facies  and  massive,  hypabbysal  facies  kimberlites  are  all  present  and 
the  pipes  range  from  less  than  2  to  slightly  over  12  hectares  in  area.  Their  xenocryst  suite  is  characterized  by 
abundant  macrocry sts  of  olivine  (up  to  1  cm  in  size),  chrome  diopside  (>2  cm),  garnets  (to  0.5  cm),  chromites 
and  ilmenites.  Serpentine,  calcite,  monticellite,  perovskite  and  magnetite  occur  as  groundmass  minerals. 
Peridotite  xenoliths  occur  is  some  pipes  and  granitic  fragments  are  common.  Volcaniclastic  diatreme  breccias 
and  crater  facies  pyroclastics  also  contain  wood  fragments  and  siltstone  and  mudstone  lithoclasts  from  which 
dinoflagellates,  pollen,  spores  and  teleost  fish  remains  have  been  recovered.  Palynological  work  on  mudstone 
fragments  from  thirteen  of  the  pipes  north  of  Lac  de  Gras  gave  fossils  that  range  in  age  from  Early  Cretaceous 
(Albian,  97  Ma)  to  Tertiary  (Paleocene,  56  Ma)  and  are  the  first  evidence  of  a  preexisting  Cretaceous  and 
Tertiary  cover  in  the  Slave  Province  (Nassichuk  and  McIntyre,  1995).  Rubidium-strontium  systematics  were 
used  to  obtain  an  isochron  age  of  52  +/-  1.2  Ma  on  two  of  the  pipes  in  the  central  part  of  the  Lac  de  Gras  area, 
which  closely  supports  the  paleontological  evidence.  A  U-Pb  isotopic  age  of  86  +/-  2  Ma  was  obtained  from 
perovskite  in  one  pipe  near  the  southern  end  of  the  cluster,  southeast  of  Lac  de  Gras  (C.  Jennings,  pers.  comm., 
1994).  This  indicates  that  within  the  Lac  de  Gras  "cluster",  kimberlites  were  emplaced  in  both  the  Cretaceous 
and  Tertiary. 

Bulk  samples  (>  1000  tonnes)  have  been  obtained  from  four  pipes  and  mini-bulk  samples  (2  to  500 
tonnes)  from  nine  others  (Table  1).  The  Panda  pipe,  north  of  Lac  de  Gras  (Figure  1)  has  returned  the  best 
results  to  date;  nearly  2800  carats  of  diamonds  were  recovered  from  approximately  3000  tonnes  of  kimberlite  for 
a  grade  of  93  carats/ 100  tonnes  and  an  average  value  of  US$  132  per  carat.  Two  pipes  from  which  smaller 
samples  were  obtained  yielded  grades  in  excess  of  300  carats/ 100  tonnes.  Exploration  and  evaluation  is  ongoing 
and,  provided  continued  favourable  results  and  timely  environmental  approvals,  it  is  expected  that  at  least  two 
pipes  will  be  in  production  within  the  next  three  or  four  years. 
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TABLE  1  -  BULK  SAMPLING  RESULT  SUMMARY,  LAC  DE  GRAS  KIMBERLITES 


Pipe 

Weight  (tonnes) 

Carats 

Carats/ lOOtonne 

US$/Carat 

$per  tonne 

Company 

Fox 

7766 

2060 

27 

$126 

$34 

BHP 

Koala 

1193 

893 

75 

$110 

$82 

BHP 

Panda 

2987 

2778 

93 

$132 

$123 

BHP 

DO-27 

4261 

1095 

26 

$22 

$6 

Kennecott 

A- 154 

13 

61 

480 

na 

na 

Aber 

Falcon 

426 

120 

28 

$17 

$5 

BHP 

Leslie 

152 

65 

43 

$89 

$38 

BHP 

Misery 

132 

437 

330 

$43 

$142 

BHP 

Misery  S 

36 

27 

75 

$37 

$28 

BHP 

Pipe  2 

21 

18 

85 

na 

na 

BHP 

Point  Lake 

161 

101 

63 

na 

na 

BHP 

Ranch  Lake 

28 

5 

19 

na 

na 

Lytton 

Torrie 

25 

<1 

3 

na 

na 

Tanqueray 

A  second  cluster  of  pipes  apparently  defining  an  east-northeasterly-trending  zone  in  the  Lac  de 
Gras/Aylmer  Lake  area,  overlaps  the  southern  end  of  the  Lac  de  Gras  cluster.  This  zone  is  approximately  100 
km  long  and  is  roughly  parallel  to  the  MacDonald  Fault,  another  Proterozoic  structure  related  to  the  docking  of 
the  Slave  Province  (Hoffman,  1989).  Pipes  in  this  region  contain  diatreme  and  hypabbysal  facies  material;  they 
tend  to  contain  less  abundant  olivine  macrocry sts,  fewer  indicator  minerals  and  more  country  rock  fragments 
than  those  in  the  Lac  de  Gras  area.  Wood  fragments  and  mudstone  chips  have  not  been  reported.  No 
information  on  the  age  of  these  pipes  has  been  released.  Further  study  is  required  to  assess  the  significance  of 
parallelism  between  kimberlite  trends  and  regional  Proterozoic  structures.  Kimberlites  have  also  been 
discovered  in  the  Slave  Province,  outside  the  Lac  de  Gras/ Aylmer  Lake  area  (Figure  1),  some  as  far  away  as 
Great  Slave  Lake,  approximately  330  km  to  the  south-southwest.  Many  of  the  pipes  outside  the  Lac  de  Gras 
area  contain  some  diamonds  and  one,  the  Kennedy  Lake  kimberlite  (Figure  1),  has  returned  good  initial  results, 
yielding  176  macrodiamonds  (>  0.5mm)  and  810  microdiamonds  from  a  63  kilogram  sample.  As  exploration 
continues,  it  is  likely  that  more  kimberlites  will  be  found  and  a  better  understanding  of  their  ages,  petrology  and 
diamond  potential  will  be  gained. 
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Figure  1.  Location  of  kimberlites  in  the  Slave  Structural  Province.  Hatch  pattern  indicates  post  Archean  rocks. 
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DIAMONDS  ASSOCIATED  WITH  THE  PERMO-CARBONIFEROUS  GLACIAL 
DEPOSITS  IN  THE  PARANA  BASIN,  BRAZIL. 


Leila  C.  Perdoncini (1),  Paulo  C.  Soares (1)  and  Luiz  A.  Bizzi (2) 

(1)  Univ.  Federal  do  Parana,  Centro  Politecnico.  CP  19011.  CEP  81531-990,  Curitiba,  PR,  Brasil. 

(2)  SOPEMI  S/A,  SIA  Trecho  2,  1591.  CEP  71200-020.  Brasilia,  DF,  Brasil. 

The  occurrence  of  diamods  in  the  Parana  Basin  is  known  since  last  century  and  up  to 
this  moment  their  primary  sources  are  not  identified. 

The  Parana  Basin  covers  an  area  of  1.600.000  Km2  extending  through  Brazil 
(1.000.000  Km  2)  Paraguay,  Uruguay  and  Argentina.  It  represents  the  most  important 
geological  record  of  Gondwana  Continent  in  South  America. 

Five  cycles  of  flexural  basining  has  accumulated  and  preserved  packages  of 
sediments  4  Km  thick  and  basaltic  volcanic  rocks  2  Km  thick,  as  representing  five 
tectonosedimentary  sequences  limited  by  generalized  unconformities  globally  correlated. 

There  are  over  ten  diamond  production  sites  related  to  quaternary  gravel,  recent 
placers  and  active  stream  sediments  distributed  mainly  over  permo-carboniferous  glaciogenic 
sediments  of  Itarare  Group.  A  genetic  association  of  the  diamonds  with  those  sediments  is 
suggested  by  several  researchers.  On  the  other  hand  some  other  researchers  believe  those 
mineralizations  are  associated  with  kimberlitic  rocks,  although  works  developed  under  this 
assumption  have  obtained  no  success  so  far. 

The  purpose  of  this  work  is  the  definition  of  the  preferential  facies  of  proglacial 
rocks  that  might  host  the  diamonds  and  to  discuss  the  occurrence  and  processes  which 
promoted  their  transport  and  concentration. 

The  methodology  used  in  this  study  comprised  three  steps:  i)the  analysis  of  the 
sedimentary  facies;  ii)  the  comparison  of  heavy  minerals  assemblage  from  a  mineralised 
hydrographic  micro-basin  with  the  permo-carboniferous  sediments;  iii)  the  comparison  of 
diamonds  and  satellites  morphoscopic  features  from  active  sediments,  placers  and  early 
glaciogenic  sediments. 

This  paper  deals  with  some  results  which  have  been  achieved  on  the  attempt  of 
defining  the  secondary  sources  of  diamonds  in  the  Parana  Basin. 


Stratigraphic  Setting:  Parana  Basin  is  an  intracratonic  basin-type  (Gondwana  Continent) 
whose  basement  is  composed  by  a  complex  colision  system  of  plates  and  microplates 
consolidated  by  the  end  of  Late  Proterozoic.  The  collapse  of  the  orogenic  belt  was  followed 
by  post-orogenic  local  riflings  of  eopaleozoic  age  (520-470  M.  y.).  The  thermal  decay  and 
stress  relaxation  at  the  C^mbrio-Ordovician  leads  to  the  begining  of  cratonic  sudsidence  at 
the  Late  Ordovician. 

The  stratigraphic  setting  is  represented  by  five  tectono-sedimentary  sequences 
separeted  by  interregional  unconformities  (Soares  et  alii,  1978)  with  tectonic  indicators  of 
extensional  and  compressional  kinematics  related,  respectively,  to  the  early  phases  and  final 
phases  of  the  sequences.  Each  of  them  constitutes  the  record  of  one  tectonic  cycle 
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individualized  by  a  spreadout  craton  subsidence  and  consequent  uplift  with  a  minimum  of 
sedimentation. 

The  Ordovician-Silurian  Sequence  is  composed  by  basal  conglomerates  and 
continental  sandstones  followed  by  marine  sandstones  and  glacial  diamictites;  upwards  there 
are  transgressive  marine  shales  overlaid  by  regressive  marine  sandstones. 

The  Devonian-Mississipian  Sequence  is  composed  by  psammitic/psephitic  basal 
sediments  which  evolves  to  marine  sediments  upwards. 

The  Pensilvanian-Permian  Sequence  presents  the  most  complete  depositional  record 
in  Parana  Basin.  Permo-carboniferous  glaciogenic  sediments  over  1000m  thick,  located  in 
the  lower  half  part  of  the  sequence,  are  represented  by  diamictites,  sandstones,  siltstones  and 
mudstones  of  Itarare  Group. 

According  to  Franca  and  Potter  (1988)  the  Itarare  Group  represents  three 
depositional  cycles  where  continental  marine,  glacial  marine,  glacial  and  fluvial  environments 
are  prevailing.  Soares  (1992)  identified  at  least  four  regional  glacial  cycles;  the  first  is 
associated  to  continental  deposits  related  to  the  deposition  of  conglomerates,  sandstones, 
siltstones  and  diamictites  on  striated  paviments  (lodgment  till).  Those  sandstones  where 
formed  by  the  combination  of  outwash,  braided  rivers  and  fan  delta  environments.  The  last 
cyclo  is  associated  to  continental  chanel  gravels,  sandstones  and  extensive  diamictites, 
overlying  coastal  deposits  with  coal.  The  middle  ones  are  associated  to  marine  transgressive 
shales  and  deepwater  ressedimentated  sandstones.  The  lower  and  upper  continental 
sediments  are  the  source  rocks  for  mineralized  alluvions. 


Discussion:  The  most  important  diamantifeous  sites  of  Parana  Basin  are  located  in  its 
eastern  part  (Tibagi,  Telemaco  Borba,  Cinzas  river,  Peixe  river  and  Verde  river),  in  the 
northeastern  (Franca),  western  (Coxim  river  and  Taquari  river)  and  northwestern  part 
(Piranhas  river,  Araguainha  river,  Gar9as  river,  Caiapo  river  and  Claro  river). 

The  diamonds  mineralizations  are  found  in  hydrographic  basins  where  devonian, 
permo-carboniferous  and  permian  stratigraphic  unities  crop  out.  The  diamonds  are 
recovered  from  high  terraces,  low  terraces  and  from  active  stream  sediments.  Some  rivers 
from  the  eastern  border  have  their  catchment  areas  located  in  pre-cambrian  terrain,  but  the 
diamond  occurrences  are  exclusively  related  to  the  areas  where  the  rivers  cross  sedimentary 
rocks.  The  mineralizations  that  are  found  in  devonian  unities  normally  present  contribution 
from  the  sediments  of  Itarare  Group. 

In  the  eastern  part  of  the  basin,  diamantiferous  placers  occur  mainly  associated  to 
barriers  produced  by  diabase  dikes.  Some  researches  believe  that  diamonds  primary  sources 
can  be  related  to  those  intrusive  bodies.  However,  the  heavy  mineral  assemblage  analisys 
(magnetite  ilmenite,  spinels  and/or  garnet  and  secundarity,  gold,  zircon,  chromite,  pyroxene, 
hornblende,  tourmaline,  rutile,  leucoxene,  anatase,  apatite  among  others)  in  combination 
with  geophysic  data  were  not  conclusive  in  the  identification  of  primary  sources  indicators. 

There  is  gold,  either  as  spots  or  galls,  associated  to  diamonds  in  Tibagi  and 
Telemaco  Borba  sites,  where  the  distribution  of  the  gems  is  concentrated  in  the  smallest 
sizes  (0,10  c.st'1);  there  are  stones  around  0,30  c.st"1  and  rarely,  they  are  about  9,0  c.st*1 
The  main  characteristics  of  them  are  polished  surfaces  and  tetrahexahedroid  forms.  The 
association  of  the  mentioned  gold  and  diamonds  characteristics  indicates  that  the  transport 
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was  not  effective  in  the  selection  of  densities  and  sizes,  by  one  hand,  but  it  was  indeed  in  the 
breaking,  erosion  and  polishing.  This  could  mean  a  multiplicity  of  short  cycles  of  glacial 
alternate  with  stream  transport. 

The  studied  Santa  Rosa  site  shows  a  mineralised  drainage  basin  where  the  erosional 
area  is  located  over  basal  and  upper  continental  conglomerates  of  Itarare  Group.  There  isn’t 
any  known  occurrence  of  dikes  in  that  area. 

According  to  Svisero  (1979),  the  chemical  composition  of  Tibagi  diamond 
inclusions  shows  similarity  to  the  ones  found  in  kimberlites  of  Afrika  and  Siberia 

Striated  surfaces  and  clasts  orientation  of  glacial  sediments  at  the  oriental  border  of 
Parana  Basin  indicate  an  ice  flow  toward  NNW.  Other  paleocurrents  indicators  suggest  that 
there  were  three  main  glacial  lobes  going  to  the  basin  during  the  Carboniferous-Permian:  i) 
at  the  east  border  the  Kaokoveld-Parana  lobe,  coming  from  Afrika;  ii)  the  Santa  Catarina- 
Assuncao  lobe,  coming  from  Southwest;  iii)  at  the  occidental  side  of  the  basin,  the  Mato 
Grosso  lobe  coming  from  NW  (  Franca  and  Potter,  1988). 


Conclusion:  The  diamantiferous  alluvions  of  Parana  Basin  lay  preferently  over  the  permo- 
carboniferous  sedimentary  rocks  of  Itarare  Group. 

Primary  sources  of  the  diamonds  or  any  indication  of  its  proximity,  as  the  presence  of 
satellite  minerals,  e.g.,  is  not  known  so  far. 

The  diamonds  and  the  gold  associated  characteristics  indicate  several  cycles  of 
transport,  consisting  of  grinding,  selection  and  polishing,  what  is  better  explanned  by  glacial 
transport  and  outwash. 

The  lower  and  upper  continental  sediments  of  Itarare  Group  are  the  source  rocks  for 
the  mineralized  alluvions. 
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STRUCTURE  AND  PECULIARITIES  OF  FORMATION 
THE  KUMDYKOLSKOYE  DEPOSIT. 


Petchnikov  V.  A. 

TsNIGRI,  Varshavskoe  sh.  ,  129  "B” ,  Moscow,  113545,  Russia 

Discovery  of  diamond  deposit  in  the  metamorphic  complex  of  the 
Kokchetav  crystalline  massif  in  northern  Kazkhstan  widen  our  views 
on  formation  diamonds  in  nature.  For  reliable  substantiation  of 
theoretic  and  practical  conclusions  on  diamondbear iness  metamor¬ 
phic  rocks  in  other  regions  it  is  demanded  realization  of  complex 
researches  on  known  objects.  At  present  time  the  Kumdykolskoye 
deposit  of  technic  diamonds  is  most  studied  object  of  new  genetic 
type.  It  allow  to  use  its  in  the  capacity  of  standard  object.  Ma¬ 
ny  questions  concerning  of  mineralogical ,  petrological  and  petro- 
hemical  peculiarities  diamondif erous  rocks  were  wide  published  in 
scientific  literature  (Sobolev  et  al.  ,  1989,  1990;  Ekimova  et  al.  , 
1992;  Lavrova,  1991).  To  a  lesser  degree  attention  was  paid  to 
structure  aspects  diamondbearing  metamorphic  complexes.  We  con¬ 
sider  these  questions  on  example  of  the  Kumdykolskoye  micrbdiamond 
deposit. 

The  Kumdykolskoye  deposit  and  series  diamond  manifestations 
are  located  within  metamorphic  rocks  of  the  Zerendinskaya  Series 
of  the  Kokchetav  massif  (Northern  Kazakhstan).  These  rocks  com¬ 
pose  massif  basement. 

The  ore-bearing  formations  within  the  deposit  are  deformed 
into  north-easterly  striking  linear  folds.  The  deposit  is  located 
in  the  side  of  a  north-westly  tiLted  fold,  steeply  dipping  south- 
eastwards.  Host  rocks,  referring  to  the  kumdykolskaya  suite,  are 
represented  by  interbedded  garnet-biotite ,  biot ite-quartz  and  bio- 
t ite-tourmaline-quartz  gneisses,  which  contain  calciphyre  seams, 
and  tectonic  lenses  of  eclogites  and  garnet-pyroxene  rocks. 

The  main  diamond  concentrations  are  in  the  ore  zone  singled 
out  within  the  deposit.  Beyond  the  zone'  s  boundaries,  diamonds  in 
rocks  are  sparsed  sporadically.  The  ore  zone  is  traced  along  the 
NE-SW  strike  for  more  then  1000  m.  It  is  about  2Q0  m  wide  on  north¬ 
eastern  flank  and  about  50  m  -  on  sourth-western  flank.  On  the 
north-west,  the  ore  zone  boundary  coincides  with  marginal  part  of 
a  garnet-bearing  leucocratic  granite  body.  On  the  sourth-east,  it 
is  cofined  by  migmatites. 

The  high  extent  of  dislocation,  appearing  as  a  result  of  re¬ 
peated  tectonic  deformations  together  with  the  development  of  me- 
tasomatic  processes,  are  characteristic  features  of  the  ore  zone. 

North-easterly  striking  tectonic  dislocations,  reflecting  the 
ore-zone  location  at  the  fault  of  the  same  trend,  are  major 
elements  of  the  ore-zone'  s  structure.  A  linear  structure  of  the 
Kumdykolskoye  deposit  is  good  displayed  on  plan  and  vertical  sec¬ 
tions  (Petchnikov  et  al.  ,  1993).  They  show  up  as  linear  stripes 
of  aposubstrate  hydrothermal  metasomat ites.  Some  sites  of  blasto- 
mylonites  and  kataclasites  which  are  found  within  these  stripes, 
seem  to  be  the  markers  of  tectonic  joints.  These  dislocations  are 
demonstrated  to  form  a  single  zone  of.  deformations,  involving  some 
lenses  and  blocks  of  slightly  deformed  rocks. 

In  tectonic  plan  ore-zone  present  the  dextral  strike-slip  shear 

439 


zone  that  includes  the  high-strain  rocks.  A  specific  regularity 
is  marked  for  the  diamonds  distribution ' within  the  ore  zone.  Some 
linearly  extended  high-concentration  zones  are  singled  out,  sepa¬ 
rated  by  the  depleted  or  diamondfree  sites.  The  latter  appear  as 
slightly  dislocated  lenses  and  blocks  of  unchanged  metamorphic 
rocks  and  injection  granites.  Linear  high-concentration  anomalies, 
following  a  north-easterly  striking  system  of  dislocations,  occur 
all  over  the  explored  part  of  the  deposit. 

Studies  performed  at  the  reference  cross-sections  oriented 
across  diamond-enriched  zones  within  the  most  widely  developed 
gneiss  substrate  showed  that  diamond-free  and  diamond-depleted 
garnet-biotite  gneisses  are  almost  free  of  graphite.  As  the  dia¬ 
mond-enriched  zones  are  approached,  the  rocks  demonstrate  changes 
in  their  composition.  Diamond-enriched  apogneiss  metasomatites 
show  up  as  stripe  rocks  with  blastomylonite  and  blastokstsclaBit© 
structures.  These  structures  characterize  the  deep  levels  of  the 
strike-slip  deformation  zones. 

The  studies  on  isotopic  composition  of  diamond  and  accompa¬ 
nying  graphite  carbon  from  different  types  of  rocks  indicate  that 
it  varies  in  each  rock  group.  Diamond  is  enriched  in  13C  isotope 
relative  to  graphite.  Isotopic  composition  of  diamond  and  gra¬ 
phite  carbon  shows  variation  from  one  group  to  another.  Diamond 
and  graphite  of  pyroxene-carbonaceous  rocka  appear  to  be  heavier 
in  isotopic  composition  than  those  of  apogneiss  metasomatites. 

On  the  average  the  difference  13C  is  5.  0  %  (Petchnikov,  1993) 

The  enrichment  of  graphite  and  diamond  of  carbonaceous  rocks 
in  carbon'  s  heavy  isotope  might  be  simply  and  strongly  explained 
by  the  isotope  fractionation  from  the  rocks  carbonate  during  the 
crystallization  of  these  minerals,  provided  it  took  place  in  situ. 

So,  analysis  of  the  geological  structure  theKumdykolskoye  de¬ 
posit  show  that  diamondbear iness  was  laid  on  adjacent  country  me¬ 
tamorphic  rocks.  The  results  of  carbon  isotopic  fractionation  in 
the  deposit'  s  graphite  and  diamond  agree  well  the  date  on  synthe¬ 
sis  of  diamond  and  graphite  from  the  gaseous  phase. 
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GEOTHERMOBAROMETRY  OF  DIAMOND  INCLUSIONS  FROM  THE  DE 
BEERS  POOL  MINES,  KIMBERLEY,  SOUTH  AFRICA. 

Phillips1,  D.,  Harris2,  J.W. 

1.  Anglo  American  Research  Laboratories  (Pty)  Ltd.,  P.O.  Box  106,  Crown  Mines, 
2025,  South  Africa. 

2.  Geology  and  Applied  Geology,  University  of  Glasgow,  Glasgow,  G12  8QQ, 
Scotland. 

One  of  the  most  important  methods  for  ascertaining  the  chemical  environment  of 
diamond  genesis  remains  the  study  of  syngenetic  inclusions  in  diamonds.  In  some 
cases  diamonds  contain  inclusions  of  different  mineralogies,  that  can  provide 
information  on  temperatures  and  pressures  of  the  diamond-forming  event  (cf.  Harris, 
1992).  In  the  present  study,  547  inclusion-bearing  diamonds  from  the  De  Beers  Pool 
mines  were  examined.  The  De  Beers  Pool  mines  include  the  Wesselton,  Bultfontein, 
De  Beers  and  Du  Toitspan  kimberlites.  As  these  mines  are  due  to  close  in  the  near 
future,  the  current  investigation  represents  the  last  opportunity  for  obtaining  a  large 
sample  of  inclusion-bearing  diamonds  from  this  historically  and  geologically  important 
locality.  While  the  De  Beers  Pool  kimberlites  are  Cretaceous  in  age,  inclusions  in 
harzburgitic  diamond  appear  to  be  Archaean  with  Sm/Nd  model  ages  of  -  3.3  Ga 
(Richardson  et  al.,  1984). 

During  inclusion  break-out,  emphasis  was  placed  on  the  recovery  of  minerals 
suitable  for  geothermobarometry.  The  De  Beers  Pool  inclusion  suite  is  unusual  in  that 
it  contains  a  high  proportion  of  polymirieralic  (touching  minerals)  inclusions.  In  all,  42 
polymineralic  and  21  co-existing,  monomineralic,  inclusion  assemblages  were 
recovered  (Table  1). 

The  most  common  bimineralic  (touching)  peridotitic  inclusions  are 
garnet+orthopyroxene  and  chromite+olivine  pairs.  Less  abundant  (touching) 
combinations  include  gamet+olivine,  garnet+sulphide  and  chromite+orthopyroxene. 
Trimineralic  (touching)  peridotitic  inclusions  comprise  gamet+orthopyroxene+chromite, 
gamet+orthopyroxene+olivine  and  garnet+olivine+magnesite  assemblages.  Only  two 
polymineralic  eclogitic  inclusions  were  recovered,  consisting  of  garnet+clinopyroxene 
and  gamet+clinopyroxene+rutile  combinations. 

Monomineralic  inclusion  pairs  (non-touching)  include  garnet+orthopyroxene, 
gamet+olivine,  chromite+olivine,  orthopyroxene+olivine  and  garnet+clinopyroxene 
(Iherzolitic  and  eclogitic  parageneses)  assemblages. 

Geothermobarometric  estimates  were  obtained  from  32  polymineralic  and  17 
monomineralic  inclusion  pairs,  using  the  thermometer/barometer  combinations  of 
Harley  (1984),  O’Neill  and  wood  (1979,  1980),  Krogh  (1989)  and  Brey  and  Kohler 
(1990)  (Figure  1).  With  one  or  two  exceptions,  the  polymineralic  and  monomineralic 
inclusion  groups  exhibit  distinct  temperatures  and  pressures.  The  polymineralic  garnet- 
orthopyroxene  combinations  yield  temperatures  of  1003°C  - 1 176°C  and  pressures  of 
42  -  65kb,  with  mean  values  of  1072°C  and  53kb,  respectively.  The  monomineralic 
gamet-orthopyroxene  pairs  give  temperatures  of  1052  -  1314°C  and  pressures  of  46  - 
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105kb,  with  mean  values  of  1207°C  and  65kb,  respectively.  Garnet-olivine  and  gamet- 
clinopyroxene  assemblages  give  similar  temperatures,  assuming  50kb  for  polymineralic 
and  60kb  for  monomineralic  inclusions.  Overall  the  polymineralic  inclusions  have  mean 
temperatures  and  pressures  of  1072°C  and  53kb,  while  the  monomineralic  inclusions 
are  characterised  by  values  of  1217°C  and  65kb,  respectively.  Thus,  differences  in 
mean  values  between  the  two  groups  of  inclusions  are  155°C  and  8  kb.  The 
temperature  difference  is  maintained  even  if  all  inclusion  pairs  are  assigned  the  same 
pressure  (e.g.  50kb)  or  if  versions  of  the  MacGregor  (1974)  geobarometer  are  used 
instead  of  the  Brey  and  Kohler  (1990)  option. 

It  is  concluded  from  the  above  data  that  diamond  formation  and  inclusion 
encapsulation  took  place  at  temperatures  between  1150°C  and  1350°C,  as  recorded  by 
the  monomineralic  inclusion  pairs.  These  inclusions  were  armoured  by  the  diamond 
and  were  unable  to  respond  to  thermobarometric  changes  in  the  surrounding  mantle. 

By  contrast,  the  polymineralic  inclusions  were  able  to  re-equilibrate  in  response  to 
external  conditions  and  record  a  decrease  in  temperatures  since  diamond  formation. 
The  latter  temperatures  (and  pressures)  are  analogous  to  those  recorded  from  coarse 
mantle  xenoliths  from  the  De  Beers  Pool  kimberlites  (e.g.  Boyd,  1978).  The  apparent 
pressure  differences  between  the  poly-  and  monomineralic  inclusions  could  represent 
either  an  artefact  of  the  geobarometer,  which  is  highly  temperature-sensitive,  or 
differential  movement  in  the  mantle  subsequent  to  diamond  crystallisation. 
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TABLE  1  :  Abundance  table  of  co-existing  (touching  and  non-touching)  inclusions 
extracted  from  De  Beers  Pool  diamonds 


INCLUSION  ASEMBLAGES 

POLYMINERALIC 

INCLUSIONS 

MONOMINERALIC 

INCLUSIONS 

PERIDOTITIC 

Garnet+Orthopyroxene 

21 

8 

Garnet+Olivine 

2 

2 

Garnet+Sulphide 

1 

0 

Garnet+Clinopyroxene 

0 

1 

Garnet+Orthopyroxene+Spinel 

3 

0 

Garnet+Orthopyroxene+Olivine 

3 

0 

Garnet+Olivine+Magnesite 

1 

0 

Chromite+Orthopyroxene 

2 

0 

Chromite+Olivine 

7 

2 

Orthopyroxene+Olivine 

0 

1 

ECLOGITIC 

Garnet+Clinopyroxene 

1 

7 

Garnet+Clinopyroxene+Rutile 

1 

0 

FIGURE  1 :  Temperature  versus  pressure  plot  for  co-existing  inclusions  from  De 

Beers  Pool  diamonds.  The  diamond-graphite  univariant  reaction  curve 
of  Kennedy  and  Kennedy  (1976)  and  the  40mW/m2  cratonic  geotherm  of 
Pollack  and  Chapman  (1977)  are  also  shown. 
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INDICATOR  MINERALS  OF  CL-25  KIMBERLITE  PIPE,  SLAVE  CRATON, 
NORTH-WEST  TERRITORIES,  CANADA. 

N.P.Pokhilenko1,  J.A.McDonald2,  W.Melnyk2  and  J.McCorquodale2 

institute  of  Mineralogy  and  Petrography,  630090,  Novosibirsk,  Russia 
2Winspear  Resources  Ltd.,  Vancouver,  Canada. 


CL-25  kimberlite  pipe  was  discovered  in  September  of  1994  in  the  territory 
of  the  Slave  Craton,  North  West  Territories  of  Canada.  This  pipe  represents  a 
new  kimberlite  cluster  located  approximately  100  km  to  the  South  from  the  well 
known  Lac  de  Gras  kimberlite  field  and  related  with  regional  fault  zone  of  south¬ 
west  -  north-east  direction  containing  a  number  of  doleritic  dykes  sharply 
reflected  in  the  magnetic  field  and  subparallel  to  the  MacDonald  s  fault  zone 
which  delimits  the  Slave  Craton  to  the  South-East. 

CL-25  pipe  is  composed  by  intensively  altered  kimberlite  breccia  which  is 
highly  enriched  with  xenogenic  material  represented  mainly  by  different  types  of 
metamorphic  and  magmatic  rocks  of  the  crystalline  shield.  High  amount  of 
xenogenic  and  contaminated  material  in  this  breccia  is  reflected  in  chemical 
composition  of  this  rock  which  is  significantly  different  if  compare  with 
composition  of  classic  kimberlite:  Si02=44.3-45.5wt.%;  TiO2=0.93-1 .82wt.%; 
Al203=7.17-8.46wt.%;  Fe  as  Fe2O3=6.40  9.47wt.%;  MnO=0.1 1-0.1 3wt.%; 
MgO=17.6-21.4wt.%;  CaO=1 .79-3.1 2wt.5;  Na20=0.04-0.48wt.%;  K20=86- 
2.25wt.%;  P2O5=0. 1 9-0.22wt.%;  LOI=1 1 .5-15.0. 

Analysis  of  specially  selected  material  of  this  breccia  without  the  visible 
fragments  of  xenogenic  matter  shows  some  differences  in  composition  if 
compare  with  data  presented  above  and  more  similar  to  the  kimberlite 
composition:  SiC>2=39.5wt.%;  Ti02=1 .02wt.%;  Al203=4.44wt.%;  Fe203=6.23wt.%; 
MnO=0.12wt.%;  MgO=23.9wt.%;  CaO=5.16wt.%;  Na20=0.02wt.%; 
K20=1.19wt.%;  P2O5=0.27wt.%:  LON18.22. 

Very  interesting  composition  has  the  rock  of  the  dyke  which  was  drilled  in 
the  body  of  CL-25  pipe:  SiO2=5.01wt.%;  Ti02=1 .47wt.%;  Al203=2.74wt.%; 
Fe2O3=4.08wt.%;  MnO=0.20wt.%;  MgO=0.21 .9wt.%;  CaO=24.9wt.%; 

Na2O<0.01  wt.%;  K2O=0.12wt.%;  P2C>5=0.21wt.%;  LOI=39.3wt.%.  This  altered 
rock  has  not  visible  xenogenic  material. 

We  have  studied  in  detail  the  composition  of  garnets,  picroilmenites, 
chromespinels  and  clinopyroxenes  from  the  CL-25  kimberlite  pipe.  Garnets  are 
represented  by:  a)  chrome-pyropes  of  different  parageneses;  b)  garnets  from 
disintegrated  rocks  of  crust;  c)  garnets  of  different  types  of  eclogites.  Cr-pyropes 
include:  predominate  pyropes  of  Iherzolite  paragenesis  (Cr2O3=0.2-13.3wt.%, 
CaO=3.5-7.8wt.%);  subcalcic  Cr-pyrope  related  with  1)  harzburgite  paragenesis 
(Cr2C3=3.6-14.2wt.%,  CaO=2.8-5.7wt.%  and  very  low  admixtures  of  Ti,  Na  and 
andradite  molecule),  2)  metasomatized  and  Na-enriched  Iherzolite  paragenesis 
(relatively  high  admixtures  of  Na20  -  up  to  0.18wt.%,  Ti03  -  up  to  0.61  wt.%  and 
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significant  content  of  Fe3+  in  crystallochemical  formula  -  up  to  0.3  on  12  atoms  of 

O). 

Pyropes  of  wherlite  paragenesis  have  higher  content  of  CaO  (up  to 
12wt.%)  than  Iherzolite  ones.  There  is  also  relatively  high  propotion  of  pyropes  of 
megacrystal  suite:  FeO=9.5-13.7wt.%;  TiC>2=0.4-1 .1wt.%;  Na20=0.06-0.17wt.%; 
Cr2O3=0.2-1 .9wt.%. 

Eclogite  garnets  have  variable  Mg#(32-73),  CaO=6.2-16.9wt.%; 

Na2O=0.01  -0. 1 8wt.%. 

Ilmenites  are  represented  by  picroilmenites  with  wide  ranges  in  content  of 
MgO  (3.4-12.4wt.%);  Ti02  (29.4-52.6wt.%);  Cr203  (0.3-6.3wt.%)  and  hematite 
molecula  (7-31  mol%).  Al203  content  range  is  typical  for  kimberlite 
picroilmenites:  0.3-0.9wt.%. 

Chromespinels  have  wide  intervals  in  content  of  Cr203  (23.1 -63.4wt.%); 
Al203  (0.3-32.4wt.%;  Ti02  (0.01 -4.1wt.%);  MgO  (5.2-1 8.2wt.%).  There  is 
relatively  high  proportion  of  chromites  with  low  MgO  content  (5.2-9.5wt.%  and 
high  content  of  magnetite  molecula  (19-37  mol%. 

Clinopyroxenes  in  the  CL-25  pipe  are  typical  chromediopsides  having  1.1- 
3.2wt.%  Cr203)  1 .3-2.7  wt.%  Na20  and  low  AIIV.  We  have  not  found  any  subcalcic 
clinopyroxene  among  23  grains  analyzed. 

Thus  the  peculiarities  of  the  CL-25  pipe  indicator  minerals  composition  as 
well  as  features  of  structures  and  composition  of  breccia  of  this  pipe  suggest  that 
CL-25  pipe  belongs  to  the  kimberlite  affinity.  Its  melts  have  sampled  relatively 
thick  cross  section  of  lithosphere  beginning  from  levels  corresponded  to  the 
depth  of  the  diamond  stability  field. 
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MINERALOGICAL  MAPPING  OF  THE  NORTH-EAST  SECTION  OF  THE 
YAKUTIAN  KIMBERLITE  PROVINCE  AND  ITS  MAIN  RESULTS. 


N.P.  Pokhilenko  and  N.V.  Sobolev. 

Institute  of  Mineralogy  and  Petrography,  630090,  Novosibirsk,  Russia 

It  is  widely  known  that  the  biggest  diamond  deposits  of  Siberia  and  South  Africa 
were  discovered  using  mineralogical  methods.  However,  since  the  late  1950's,  it 
became  clear  that  high  concentrations  of  indicator  minerals,  including  Cr-pyropes, 
occur  in  both  high-diamond-grade  and  barren  kimberlites.  Results  of  the  first  studies  of 
crystalline  inclusionsins  in  natural  diamonds  (Meyer,  1968;  Sobolev  et  al.,  1969),  as 
well  as  of  minerals  in  diamondiferous  xenoliths  (V.Sobolev  et  al.  1969;  Sobolev  1971; 
Sobolev  &  Lavrent'ev  1971)  were  used  as  basis  for  mineralogical  criteria  applied  to  the 
estimation  of  diamond  grade  of  kimberlites  (Sobolev  1971).  It  was  shown  that  subcalcic 
Cr-pyropes  and  chromites  with  maximally  enriched  Cr  contents  (>62  wt.%  C^Os)  and 
low  Ti  and  Fe3+,  interpreted  as  originating  from  cpx-free  harzburgite-dunite 
paragenesis  (Sobolev  et  al.  1969,  1973),  are  the  main  important  indicators  of  potential 
diamond  grade  of  Siberian  kimberlites. 

On  the  basis  of  analyses  of  >500  Cr-pyropes  and  nearly  600  chromites  included 
in  diamonds,  as  well  as  of  the  compositions  of  representative  numbers  of  pyropes  and 
chromites  (usually  >200  grains  of  each  mineral)  from  kimberlite  concentrates  of  more 
than  100  pipes  with  wide  variations  in  diamond  grade,  we  have  established  the 
following  compositional  ranges  of  indicator  minerals,  which  we  use  for  estimation  of 
potential  diamond  grade  of  kimberlites: 

1)  Pyropes:  CaO<1.6  +  0.38  ^03  wt.%,  with  the  condition  that  C^Os  >5 

wt.%. 

2)  Chromites>71-1.637  AI2O3  wt.%,  with  the  conditions  that  Cr203>62  wt.%; 

Al203<7.5  wt.%;  TiO2<0.7  wt.%. 

Spesial  significance  was  given  to  the  P-T  boundary  of  the  graphite-diamond 
transition  (Sobolev  1977),  reflected  in  the  composition  of  coexisting  pyropes  and 
chromites  in  the  harzburgite  paragenesis  (Pokhilenko  et  al.,  1991;  1993).  This  factor 
was  very  important  in  increasing  the  reliability  of  the  estimations  of  potential  diamond 
grade  of  kimberlites.  We  have  found  that  there  is  a  large  possibility  of  very  significant 
errors  in  such  estimation  where  Cr-pyropes  containing  >  15-17%  of  the  knorringite 
molecule  are  absent  from  a  kimberlite  pipe.  This  is  because  pyropes  of  such 
composition  were  only  formed  in  the  diamond  stability  field  (Pokhilenko  et  al.,  1991; 
1993). 

The  work  of  the  mineralogical  mapping  of  the  North-East  part  of  the  Yakutian 
kimbrlite  province  was  undertaken  by  us  in  close  cooperation  with  the  Amakinskaya 
prospecting  expedition  (group  of  the  late  Yu.P.Belyk)  since  1974.  The  territory  studied 
covered  approximately  60,000  km^,  was  delimited  to  the  East  by  the  Lena  River  and 
included  the  lower  partof  the  Olenek  River  basin.  The  main  part  of  this  territory  is 
characterized  by  relatively  simple  prospecting  conditions  (open  sedimentary  host  rocks 
of  Cambrian  age),  but  very  complicated  geological  and  prospecting  conditions  occur  in 
its  eastern  part,  where  host  rocks  for  potentially  diamondiferous  kimberlites  are  covered 
by  younger  sediments  and  even  traps. 

Mineralogical  mapping  of  this  territory  was  based  on  detailed  studies  of  specific 
peculiarities  of  composition  of  Cr-pyropes  and  chromites  (minerals  bearing  information 
about  the  potential  diamond  grade  of  their  primary  sources)  from  the  modern 
alluvials.from  secondary  collectors  of  different  ages  and  from  the  kimberlite  pipes 
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known  in  that  territory.  Peculiarities  of  composition  of  Cr-pyropes  of  over  200 
representative  sampes  (100  grains  or  more)  and  70  sarnies  of  chromites  were  studied 
using  the  electron  microprobe.  The  total  number  of  indicator  grains  was  over  60,000. 

Analysis  of  data  obtained  produced  the  following  results  and  conclusions: 

1.  High  concentrations  of  subcalcic  Cr-pyropes  (up  to  10%;  Sobolev  et  al., 

1981),  as  well  as  the  presence  of  significant  numbers  of  diamonds,  were  established 
for  gravelites  and  conglomerates  of  Lower  Carboniferous  age  of  the  Kyutyungde  River 
basin  and  for  Permian-age  sediments  of  terrigenous  origin  in  the  South-West  part  of 
this  locality. 

2.  High  concentrations  of  subcalcic  Cr-pyropes  (up  to  38%),  sometimes  together 
with  significant  numbers  of  "diamond-association"  chromites  (up  to  10%),  as  well  as 
diamonds,  themselves  were  found  in  alluvial  deposits  of  several  rivers  of  this  locality 
(the  same  river  basin).  Significant  variations  in  the  distribution  of  compositions  of 
pyropes  and  chromites  in  different  samples  of  this  locality,  both  in  modern  alluvials  and 
in  secondary  collectors  of  different  origin  and  ages  support  that:  a)  there  are  several 
undiscovered  kimberlite  pipes  of  Paleozoic  age  (older  than  Lower  Carboniferous).  This 
conclusion  was  supported  by  the  discovery  of  the  Ivushka  kimberlite  pipe  which  was 
covered  by  Permian  sediments,  b)  There  are  some  high-grade  pipes  among  them.  The 
total  scheme  of  mineralogical  mapping  of  this  territory  is  presented  in  Fig.  1 ;  two 
examples  of  differences  in  distribution  of  compositions  of  Cr-pyropes  in  different 
samples  of  this  region  are  shown  in  fig. 2. 

3.  Analysis  of  the  results  of  compositional  studies  of  pyropes  and  chromites 
from  25  kimberlite  pipes  of  Mesosoic  age  (J3)  of  this  region  shows  practically  a 
complete  absence  of  minerals  derived  from  diamondiferous  harzburgites  and  dunites, 
and  the  absence  of  signs  of  the  presence  of  diamonds  in  these  pipes.  These  facts, 
together  with  reliable  data  about  the  presence  of  high,  and  sometimes  very  high, 
concentrations  of  the  disaggregation  products  of  diamondiferous  harzburgites  in  the 
kimberlites  of  Paleozoic  age  (before  C^)  existing  in  this  locality,  can  be  explained  by 
the  availability  of  processes  of  erosion  and  transformation  of  the  deepest  levels  of  the 
lithosphere  in  this  region,  accompanied  by  intensive  basic  magmatism,  at  the  time  of 
tectono-magmatic  activation  at  the  boundary  between  Permian  and  Triassic  periods. 
Active  interaction  between  melts  of  probable  asthenospheric  origin,  very  enriched  in  Si, 
Ti,  Al,  Fe,  Ca,  Na,  K  and  HREE  and  having  high  f02 

compared  with  depleted  harzburgites  and  dunites  was  a  reason  for  partial  erosion  of 
the  keel  parts  of  the  lithosphere,  transformation  of  dunites  and  harzburgites  into 
Iherzolites  and  oxidation  of  diamonds. 
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Fig.  1  Scheme  of 
mine-ralogicai  mapping  of 
the  Kyu-tyungde  graben  and 
its  bordering  territiries:  1  - 
the  most  promising  fields;  2 
-  fields  of  second  turn;  3  - 
fields  without  of 
perspectives.  Contents  of 
subcaicic  Cr-pyropes  in 
samples:  4  -  <0.1%;  5- 

0.1*2%;  6  -  2*-5%;  7  - 
5*10%;  8  ->10%. 

Contents  of  chromites  of 
the  “diamond”association:  9 
-<0.1%;  10-0.1-5%;  11-5* 
10%;  12  -  mass  finds  of 
diamonds  of  the  Kyutyungde 
type;  13  -  fault  zones  of  the 
Kyutyungde  graben. 


a  •/  •  6  □  9  AW  mil  ★  12  =  =  s  /J 


Fig. 2.  (n=86) 


Fig. 3  (n=61 ) 


Fig.  2-3.  Plots  of  CaO  against  Cr203  for  Cr-pyropes  from  alluvials  of  the  South- 
West  and  the  North-East  promising  fields  of  locality  (see  Fig.1). 
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GEOLOGY  AND  SUBSTANCE  COMPOSITION  OF  THE  COCITES  OF  NORTH 
VIETNAM 
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Cocites  were  distinguished  for  the  first  time  by  ALacroix  (1933)  as  a  unique 
variety  of  ultrapotassic  basic  rocks  of  North  Vietnam.  Later  their  samples  preserved  in 
A  Lacroix's  collection  were  analyzed  by  C. Wagner  and  D.  Velde  (1986),  R.H.Mitchell 
and  S.K.Bergman  (1991)  in  connection  with  the  problem  of  lamproites.  Data  on  the 
geologic  setting  and  substance  composition  of  these  rocks  is  very  scarce  and 
fragmentary.  We  managed  to  essentially  broaden  these  data. 

1.  Geology  and  age 

The  region  of  occurrence  of  cocites  is  situated  in  the  North-  Vietnam  folded  area  which 
divides  the  South  China  and  Indochina  platform  blocks.  We  have  established  three 
areas  of  cocite  occurrence  in  the  northwestern  part  of  the  conjugation  zone  of  Shong 
Da  and  Fan  Si  Pan  structures  within  the  developing  Paleogene  complex  Pu  Sam  Cap: 

1)  series  of  dike-like  bodies  among  Paleogene  alkaline  granosyenites  and  syenites  of 
the  left  side  of  the  Nam  Hon  River,  2)  autonomous  isometric  intrusive  in  the  region  of 
the  village  Coc  Pia,  which  intrudes  the  limestones  of  the  Dong  Sao  suite  (T2),  3)  small 
isometric  dike-like  bodies  in  the  field  of  Paleogene  alkaline  volcanites  of  the  Pu  Sam 
Cap  complex  near  village  Sin  Cao  (Fig.  1).  Isotope  datings  obtained  in  the  Laboratory 
of  radiogenic  and  stable  isotopes  of  the  UIGGM  on  cocites  of  the  Nam  Hon  area 
suggest  their  Paleogene  age.  Monomineral  isochron  plotted  on  the  basis  of  analysis  of 
phlogopite  fractions  by  Rb-Sr  method  showed  42.3±7  Ma  at  ^Sr/^Sr^  =  0.70699±4. 

2.  Petrography 

Cocites  are  typically  porphyry  phlogopite-bearing  ohvine-pyroxene-K-feldspar  rocks. 
The  phenocrysts  in  them  are  represented  by  olivine,  pyroxene,  and  phlogopite. 
MicroprismaticaUy-grained  or  microlitic  groundmass  is  composed  mainly  of  potassic 
and  sodium-potassic  feldspar,  and  sometimes  of  brownish  interstitial  glass  also  of 
feldspathic  composition  with  various  ratios  of  K  and  Na.  Some  samples  exhibit 
rounded  or  faceted  grains  of  replaced  leucite,  microphenocrysts  of  pyroxene,  and 
phlogopite. 
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3.  Mineralogy 

Olivine  is  characterized  by  a  high  magnesian  content  (F091.1-F0&.5  are  large 
phenocrysts,  Fo&^-Fogzs  -  smaller  phenocrysts),  has  negligible  amounts  of  NiO  (0. 1- 
0.3  wt.%)  and  CaO  (0. 1-0.2  %),  and  contains  small  inclusions  of  chromites.  Pyroxenes, 
which  are  compositionally  correspond  to  diopsides,  are  represented  by  three  types. 
Large  phenocrysts  (type  1)  are  characterized  by  high  magnesian  content  (100 
xMg/(Mg-Fe)  =  84-94  %  at  quantity),  elevated  contents  of  Cr203  (0.32-0.98  wt.%), 
relatively  low  TiQ*  (0.1-0.35  %)  mid  A1203  (0.17-1.31  %).  In  terms  of  these  properties 
they  correspond  to  pyroxenes  of  lamproite  family.  In  finely-ciystallized  groundmass  of 
porphyry  cocites  with  K-feldspar  phenocrysts,  pyroxenes  (type  2)  were  found  which 
are  characterized  by  rather  high  contents  of  Ti02  (0.4-0.7)  and  Na20  (1.0-3.7),  low 
magnesian  content  (100  xMg  (Mg+Fe)  =  48-63  %  at  quantity)  and  low  concentrations 
of  Cr203  (0.0-0.06  %).  Pyroxenes  of  type  3  have  an  intermediate  composition.  One  of 
pyroxene  grains  exhibited  the  presence  of  melt  inclusion  which  is  compositionally 
similar  to  lamproite  magmas  (Si02  =  41.6,  Ti02  =  1.0,  A1203  =  9.8,  FeO  =  5.9,  MgO  = 
20.4,  CaO  =  6.0,  Na20  =  0.8,  K20  =  5.6,  BaO  =  0.30,  and  Cr2Oa  =  0.37  wt.  %). 
Phlogooites  are  low-aluminia  (A1203  =  12.3-14.2  wt.%)  and  according  to  the  contents 
of  TiQj  and  Cr203  are  divided  into  three  groups.  The  first  group  consists  of  phlogopites 
with  high  contents  of  Ti02  (2.6-7.46  %)  and  low  Cr203  (0.03-0.18  %).  The  phlogopites 
of  the  second  group  are,  on  the  contrary,  characterized  by  low  contents  of  Ti02  (0.97- 
1.02)  and  high  contents  of  Cr203  (1.48-1.94).  They  were  found  in  the  cores  of  large 
phenocrysts  of  porphyry  cocites  of  the  Nam  Hon  area  Phlogopites  of  the  third  group 
have  intermediate  composition.  When  estimating  other  mineralogical  features  of  the 
cocites  of  North  Vietnam,  we  should  mention  that  they  do  not  contain  minerals 
’’prohibited"  for  lamproites:  plagioclase,  melilite,  monticellite,  calcilite.  Such  minerals 
as  K-richterite  and  titanium-  and  zircon-rich  oxides:  priderite,  wadeite,  and  perovskite, 
typical  of  the  family  of  these  rocks,  have  not  been  yet  found  in  them  either.  The 
elucidated  variability  of  the  composition  of  rock-forming  minerals  indicates  a 
complicated  genesis  of  cocites,  which  were  most  likely  generated  due  to  contaminated 
lamproite  magma,  or  as  a  result  of  mixing  of  melts  of  lamproite  and  syenite 
compositions. 

4.  Geochemistry 

In  terms  of  petrochemical  characteristics  the  cocites  of  North  Vietnam  belong  to  group 
of  high-magnesian,  low-aluminia,  high-potassium  melanomafices  which  have  rather 
low-titanium  content  These  features,  the  same  as  enrichment  of  cocites  in  Cs,  Rb,  Ba, 
Th,  La,  Sr,  and  Zr  with  depletion  in  Nb,  Ta,  and  Y  allow  them  to  be  compared  with 
low-titanium  variety  of  lamproites. 
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5.  Conclusions 

Complete  data  of  geological  setting  and  substance  composition  of  cocites  suggest  their 
similarity  with  lamproites  of  Mediterranean  type  (Mursia-Almeria  in  Spain  and  Aldan 
province  in  Russia)  which  occurred  in  the  structures  of  late  activity  of  folded  regions 
and  margins  of  platforms. 


Fig.  1 .  Scheme  of  localization  of  the  areas  of  cocite  occurrence  in  geologic  structures  of 
North-Western  Vietnam. 

1  -  Precambrian  complexes  of  platform  blocks,  2-5  -  Mesozoic  deposits:  2  - 
Dong  Sao  suite,  T2  (limestones  with  lenses  of  schists  and  aleurolites),  3  -  Upper 
Triassic  deposits,  T3  (clayes  shales,  aleurolites,  sandstones,  gravelites),  4  - 
Jurassic-Cretaceous  volcanic  series  Tule,  J  -  K  (rhyolites,  rhyolite-porphyries, 
quartz  porphyries),  5  -  len  Chau  suite,  K2  (conglomerates,  sandstones, 
aleurolites,  argillites),  6-7  -  Paleogene  complex  Pu  Sam  Cap,  P:  6  -  alkaline 
syenites  and  syenite-porphyries,  7  -  volcanic  series  (trachytes,  trachyte 
porphyries,  absarokites),  8  -  outcrops  of  cocites  (1  -  Nam  Hon  area,  2  -  Coc  Pia 
area,  3  -  Sin  Cao  area). 
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MORPHOLOGY  AND  GROWTH  CONDITIONS  OF  DIAMONDS  IN  METAMORPHIC  ROCKS 
T . V . Posukhova1 ,  L .  F . Dobrzhinetskaya2 ,  E .  D . Nadezhd ina3 ,  V.  A. Shadr ina* 

1.  Moscow  State  University,  Geological  department,  Russia 

2.  Institute  of  the  Lithosphere,  Russian  Academy  of  Science, 

3.  TSNIGRI,  Geological  Survey  of  Russia,  Moscow, 

4.  KAZIMS,  Geological  Survey  of  Kazakhstan 

At  present,  we  know  five  different  earth  sources  of  diamond 
crystals.  The  main  one  is  kimberlites,  lamproites  and  alluvial 
sediments  derived  from  these  rocks.  These  types  of  diamond 
arewell  known  [  Orlov,  1984,].  The  morphology  of  diamonds  from 
impact ites,  ultramafic  picrites,  and  metamorphic  rocks  are 
different,  and  therefore  the  conditions  of  their  growth  must  be 
different,  too.  Metamorphic  diamond  microcrystals  are  known  from 
Kazakhstan  and  China  [Xu  et  a 1, 1992] .  We  also  encountered  them 
in  residues  of  the  thermochemical  dissolution  of  garnet-biotite 
gneisses  from  Western  Gneiss  Region  of  Norway  [Dobrzhinetskaya 
@t  al,1993].  They  are  very  small  (0,02-0, 08mm)  and  have  unusual 
forms.  There  are  no  dodecahedrons  and  very  few  octahedrons  in 
metamorphic  rocks.  We  may  see  the  following  crystal  forms  in 
these  rocks:  skeletal  and  spheric,  faced  (antiskeletal)  and  edge 
rays,  boxy  and  tabular  forms  and  very  unusual  aggregate  skeletal 
erystales  formed  by  coarse  -  layered  blocks. 

The  origin  of  metamorphic  diamonds  is  a  problem.  There  are 
many  hypotheses  concerning  this  question  [  Sobolev,  1990] .  In  our 
view,  the  morphology  of  metamorphic  diamond  crystals  may  answer 
this  question.  We  investigated  different  crystals  and 
proposed  their  morphological  classification  [  Nadezhdina, 
Posukhova, 1990] .  The  latter  has  been  based  on  habit  and  surface 
texture  of  the  metamorphic  diamond  crystals.  The  main  type  -  the 
irregular  aggregate  cubic  crystals  formed  by  coarse  -  layered 
blocks.  The  second  type  -  the  regular  cubic  habit  crystals  with 
imbricated  faces.  The  third  type  -  combined  crystals  with  the 
faces  (111 >,(100)  and  (011).  Combinations  of  cube  -  octahedral 
forms  dominate.  The  forth  type  -  round-plane  crystals,  in  which 
octahedron  combine  with  round  sphere  forms.  All  cubic  crystals 
have  isometric  habit.  Usually,  they  are  single  crystals,  often 
asymmetric.  Their  faces  may  be  both  plane  and  rounded.  The 
rounded  surfaces  are  rough  and  hillocky.  The  surfaces  of  faces 
( 100)  are  porous  and  uneven  they  have  rough  microrelief  and 
covered  by  the  tetragonal  etch  pits.  The  narrow  zone  {110}  have 
shaded  and  hatched  surfaces,  and  replace  the  edges.  The  faces 
(111)  of  those  crystals  are  smooth  and  have  a  relief  of 
inversely  oriented  triangular  pits.  This  type  of  crystals 
possess  sector  and  zone-sector  structures  and,  therefore  tend  to 
crack  along  the  boundaries  of  growth  sectors,  not  along  the 
cleavage  plates. 

There  are  three  types  of  skeletal  diamond  crystals  in 
metamorphic  rocks.  The  first  one  is  tabular  crystals.  Their  forms 
are  hexagonal,  with  winding  contours  and  sculptured  surfaces.  The 
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second  type  is  an  edge  rays.  They  are  formed  by  thin  plates 
diverging  from  common  centers  and,  therefore,  they  are  similar  to 
exotic  flowers.  The  faces,  edges  and  tops  of  this  crystals  are 
very  unclear,  they  have  isometric  forms,  rough  surfaces  and 
winding  contours.  Boxed  skeletal  forms  are  the  hollow  cubic 
crystals,  irregular  and  incompletely  filled  by  thin  diamond 
plates,  growing  at  the  angle  to  the  surface.  The  faces  (100)  are 
incompletely  developed,  their  surfaces  are  dismembered  by  and 
rich  in  deep  cavities.  Some  skeletal  crystals  have  indefinite 
habit  and  the  on-top  growths.  The  last  group  of  metamorphic 
diamond  crystals  -  a  rounded  isometric  forms  similar  to  spheres. 
Edges  and  corners  between  the  faces  are  very  unclear  expressed. 
Their  surfaces  are  incomplete  developed  and  irregular  in  shape. 

The  comparison  of  metamorphic  crystals  morphology  with  that 
of  diamonds  from  kimberlites  shows,  that  they  are  very  much 
different.  However,  some  forms  of  metamorphic  crystals  are 
similar  to  artificial  diamonds.  Sunagava  (1984)  and 
Samoilovith  et  al(1982)  showed,  that  crystal  morphology  and 
surface  microt opographies  of  diamonds  were  related  to  growth 
parameters  both  under  stable  (metal  solution)  and  metastable 
(vapor  phase)  conditions.  Fiber  structure  of  <100>  and  <111> 
growth  pyramids  and  particular  morphology  of  the  involved  growth 
faces  were  found  to  correspond  to  that  of  the  synthetic 
crystals,  flux-grown  in  the  region  of  diamond  thermodynamic 
stability.  Natural  diamonds  that  grow  as  deformed  cubes  and 
synthetic  crystals  grown  from  vapor  phases  (cuboctahedra  and 
numerous  forms  of  cyclic  twins)  possess  somecommon  features  in 
their  inner  structures.  In  both  cases  the  determining  factors  of 
the  growth  mechanics  were  supersaturation  and  transport 
rates.  Differences  among  natural  cubic  faces  were  observed, 
which  should  not  develop  as  smooth  interfaces  and  two  types  of 
synthetic  crystals  of  diamond.  They  may  be  accounted  for  on  three 
bases :1)  differences  in  size  of  growth  units,  2)  differences 
in  the  ability  of  surface  reconstruction  of  (100)  faces  among 
silicate  and  metallic  solutions  and  vapor  phase  and  3)  habit 
variation  depending  on  super saturation . 

The  similarity  between  metamorphic  and  synthetic  diamonds 
permits  us  to  apply  the  growth  theory  to  explanation  of  the 
peculiarities  of  metamorphic  diamond  morphology.  He  know  two 
mechanisms  of  growth*.  the ‘tangle  mechanism,  when  crystals  grow 
by  layers  and  the  normal  mechanism  when  round  atomic-rugged 
surfaces  formed.  The  first  mechanism  realizes  when  crystals  grow 
slowly  in  weak  super saturation  and  the  second  mechanism 
characterizes  strong  super saturation  and  quick  growth.  When  the 
solution  is  supercooled  in  front  of  the  growth  limit,  and  the 
projection  of  crystal  comes  to  this  region  the  cell  structure 
forms  and  the  crystal  acquires  the  form  of  a  hexagon  plate.  The 
skeletal  forms  appear  in  unmovable  solutions  due  to  the  capture 
of  impurities.  On  that  platform  we  compare  the  morphology  of 
metamorphic  diamonds  and  synthetic  ones.  Cubic  crystals  of 
metamorphic  diamonds  with  block  structure  formed  by  very 
rare  mechanism  of  growth  -  aggregating  of  microblocks.  Little 
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crystal  forms,  which  ar©  overgrowed  on  the  tops  of  cubic  crystals 
are  the  evidence  for  the  interruption  $.n  growth  and  changing  in 
conditions.  Such  occurrence,  wwich  is  called  autoepitaxie,  is 
typical  of  hydrothermal  minerals.  Fibrous  mechanism  of  growth  is 
characteristic  for  the  boxy  cubic  crystals.  Transition  from 
tangle  (faced)  growth  to  normal  (fibrous)  mechanism  takes  place 
under  non-equilibrium  conditions  when  the  temperature  drops.  The 
deviation  from  equilibrium  results  in  spherical,  isometric 
forms  of  diamonds.  Skeletal  growth  of  crystals  is  due  to  fast 
deposition  of  carbon,  fast  increase  in  saturation  degree  and  high 
contents  of  impurities.  As  a  result,  the  concentration  of 
nitrogen  impurities  in  skeletal  and  cubic  met amorphic  crystals  is 
higher  then  that  in  kimberlite  diamonds.  The  impurities  increase 
the  speed  of  growth  and  make  the  diamond  crystals  defective.  They 
acquired  sector  and  zone  structure,  which  is  characteristic  for 
most  of  metamorphic  diamonds.  Fast  saturation  (cooling)  of 
mineral  solution  is  the  cause  of  forming  a  great  number  of 
crystal  embryos.  This  explains  very  small  sizes  of  metamorphic 
diamonds  and  the  frequent  occurrence  of  twins. 

Thus,  crystal lomorphologic  analysis  and  its  comparison  with 
experimental  data  gives  us  a  fundament  to  conception  about  of 
metamorphic  diamonds  origin.  The  structure  of  small  cubic 
natural  diamonds  is  similar  to  that  of  synthetic  ones,  that  were 
obtained  in  the  course  of  a  spontaneous  crystallization.  The 
similarity  between  the  metamorphic  and  synthetic  diamonds 
warrants  application  of  the  growth  theory  to  explaining  the 
specific  morphology  of  metamorphic  diamond.  We  suggest,  that  the 
in  metamorphic  rooks  crystallized  very  quickly  during  a  short 
time  at  non-equilibrium  conditions  at  the  low  temperature  and 
pressure  from  the  supersaturated  solutions  which  were  rich  in 
impurities.  The  faces  (100)  dominate  when  conditions  were  not 
much  different  from  diamond -graphite  equilibrium,  and  in 
diamond-stable  regions  the  faces  (111)  prevailed.  During  the 
slow  growth,  the  faces  (100)  became  smooth,  while  during  the 
fast  growth  the  block  structure  of  the  faces  formed.  Such 
conditions  may  be  reali  zed  either  during  the  fast  emergence  from 
mantle  depths,  or  in  crust  conditions,  during  the  spells  of 
tectonic  activization  which  accords  for  anomalous  stresses  and 
temperatures. 
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COMPOSITION  AND  STRUCTURE  OF  LITHOSPHERIC  MANTLE  IN  THE  PACIFIC 
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A  big  collection  of  samples  of  spinel  peridotite  xenoliths 
(over  350  samples)  from  the  Cenozoic  alkali  basalt  located  in  all 
major  tectonic  structures  of  the  Russian  Far  East  was  studied. 
The  information  on  the  composition  and  structure  of  the  upper 
mantle  under  the  Khankaisky  median  massif  (Sviyaginsky  and  Med- 
vezhy  volcanoes),  Sikhote  Alin  nappe-fold  system  (Podchelbanoch- 
ny,  Vostretsovsky,  Alchansky,  Barkhatny,  Anyuisky,  Innokent'yevs- 
ky.  Bolon’sky,  and  Mukhensky  volcanoes),  the  East  Sikhote  Alin 
volcanic  belt  (Koppinsky  volcano)  was  obtained.  25-35  samples  of 
xenoliths  of  deep  rocks  were  at  random  collected  from  each  volca¬ 
no,  so  it  allows  speaking  about  representative  sampling  from  each 
location. 

Spinel  peridotite  xenoliths  from  the  region  under  considera¬ 
tion  are  characterized  by  a  stable  mineral  association  of  olivi¬ 
ne,  orthoclinopyroxene  and  chrome-spinel.  Water  containing  mine¬ 
rals  such  as  ampnibole  or  mica  do  not  occur.  The  modal  compositi¬ 
on  of  this  group  of  xenol'iths  considerably  ranges.  Spinel  Iherzo- 
lite  dominates,  harzburgite  and  olivine  websterite  are  rare.  Each 
volcano  is  characterized  by  a  dominant  shape  of  xenoliths.  certa¬ 
in  dimensions  of  nodules  and  component  minerals,  and  the  rock 
structure.  Practically  all  spinel  peridotite  samples  studied  have 
some  traces  of  plastic  deformations. 

The  petrochemical  structures  of  individual  groups  of  xeno¬ 
liths  from  a  greater  part  of  localities  demonstrate  no  main  com¬ 
ponent  discreteness.  The  rock  compositions  are  characterized  by 
the  maximum  contents  of  CaO  and  A1203  at  the  interval  of  3-4  we¬ 
ights  and  the  absence  of  low  values  of  these  oxides.  The  interme¬ 
diate  compositions  of  spinel  peridotite  xenoliths  from  these  vol¬ 
canoes  are  most  close  to  the  numerous  estimations,  of  the  primiti¬ 
ve  mantle  composition. 

For  some  locations  of  deep  rocks  (Podchelbanochny,  Medvezhy, 
Bolon'sky  and  Innokent’yevsky)  the  chemical  analyses  of  spinel 
peridotite  xenoliths  are  heterogeneous,  especially  as  regards  the 
contents  of  such  easily  fusible  components  as  CaO  and  A1203. 

To  our  mind,  such  discreteness  is  not  connected  with  the  he¬ 
terogeneous  distribution  of  monoclinic  pyroxene  but  has  a  genetic 
nature.  This  is  confirmed  by  the  chemical  composition  data  on  the 
component  minerals.  In  these  volcanoes,  no  less  than  two  indepen¬ 
dent  petrochemical  groups  of  xenoliths  have  been  determined.  As  a 
rule,  the  main  group,  has  the  composition  similar  to  the  descri¬ 
bed  above,  and  the  second  one  has  lower  CaO  and  A1203,  and  higher 
MgO  contents.  The  latter  one  is  similar  to  the  depleted  oceanic 
mantle. 

Petrochemical ly  homogeneous  samples  of  spinel  peridotite  xe¬ 
noliths  characterize  the  undepleted  mantle  of  the  Sikhote  Alin 
area,  volcanic  belt  and  one  of  the  Khankaisky  massif  terranes.  As 
for  the  lateral  compositional  variations  of  the  upper  mantle,  the 
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average  contents  of  CaO  and  A1203  in  the  nodules  from  the  locali¬ 
ties  most  close  to  the  continental  margin  are  somewhat  enriched 
compared  to  the  other  representatives  of  this  group.  Petrochemi¬ 
cal  ly  depleted  peridotites  were  discovered  in  the  mantle  blocks 
under  the  Khankaisky  massif  and  the  Sikhote  Alin  fold  system. 

The  rare  earth  elements  (REE),  high  -  field  -  strength 
(HFSE)  and  other  incoherent  elements  in  the  spinel  peridotite  xe- 
noliths  characterizing  the  upper  mantle  of  various  tectonic 
structures  of  the  region  were  examined.  The  rare  element  composi¬ 
tion  has  specific  features  in  each  mantle  site,  the  samples  of 
xenoliths  from  the  East  Sikhote  Alin  volcanic  belt  being  geoche¬ 
mical  ly  most  similar  to  the  primitive  mantle  composition. 

Spinel  peridotite  minerals  have  no  significant  compositional 
variations.  Significant  differences  in  some  elements  were  noted 
in  spinel  and  pyroxene  from  depleted  and  undepleted  spinel  peri¬ 
dotite. 

Thus,  petrochemical,  geochemical  and  mineral ogical  data  on 
deep  xenoliths  testify  to  highly  heterogeneous  mantle  material  in 
the  territory  considered.  The  primitive  mantle  localities  were 
determined  at  the  oceanic  boundary  under  the  East  Sikhote  Alin 
volcanic  belt,  and  deep  in  the  continent,  the  mantle  rock  compo¬ 
sition  deviates  from  the  primitive  mantle  composition  and  becomes 
more  heterogeneous.  It  is  suggested  that  the  blocks  of  oceanic 
mantle  from  accreted  terranes  participate  in  the  formation  of  the 
modern  continental  mantle  in  the  Asian  margin. 


456 
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AND  IMPLICATIONS  FOR  THE  ORIGIN  OF  THE  ARCHEAN  CONTINENTS. 

R.P.  Rapp 

Center  for  High  Pressure  Research  and  Department  of  Earth  and  Space  Sciences, 

State  University  of  New  York  at  Stony  Brook,  Stony  Brook,  New  York,  USA  11794 

Introduction 

Eclogite  xenoliths  in  kimberlites,  although  representing  only  a  small  proportion  of 
the  total  xenolith  population,  may  contain  important  information  on  the  petrologic 
processes  responsible  for  the  initial  stabilization  and  growth  of  the  continents 
(cratonization)  in  the  Archean,  and  the  nature  and  chemical  evolution  of  the  sub¬ 
continental  lithospheric  mantle  (continental  roots)  .  The  fact  that  some  mantle 
eclogites  possess  oxygen  isotope  ratios  similar  to  hydrothermally-altered  oceanic 
crust  supports  the  idea  that  these  samples  may  represent  metamorphosed  remnants 
of  subducted  basaltic  crust,  possibly  modified  by  melting  (MacGregor  and  Manton, 
1986;  Jacob  et  al.,  1994).  Low-degree  partial  melts  of  hydrated  metabasalt  (i.e.,  "wet 
eclogite")  are  virtually  identical  geochemically  to  the  tonalite-trondhjemite- 
granodiorite  (TTG)  suite  of  granitoids  that  are  the  dominant  felsic  component  of 
Archean  high-grade  gneiss  and  granite-greenstone  terrains  (Rapp  and  Watson,  1995). 
These  observations  suggest  a  genetic  link  between  eclogite  xenoliths  in  the 
lithospheric  mantle  beneath  the  Archean  cratons,  and  the  granite  magmatism 
responsible  for  their  stabilization.  In  order  to  evaluate  this  relationship,  melting 
experiments  were  conducted  at  2-11  GPa  on  a  number  of  natural  olivine  tholeiite 
metabasalt  compositions  (amphibolites),  and  the  major,  minor  and  trace  element 
characteristics  of  the  melt  products  and  crystalline  residues  were  determined  by  a 
combination  of  electron  and  ion  microprobe  analysis.  These  measurements  form  the 
basis  for  comparisons  between  the  eclogitic  residues  produced  in  the  melting 
experiments  with  eclogite  xenoliths  from  beneath  the  South  African  and  Siberian 
cratons.  What  are  the  distinctive  geochemical  features  of  eclogites  that  are  residues 
of  basalt  melting? 

Results 

From  20%  to  40%  TTG  liquid  coexists  with  eclogitic  residual  assemblages  at  2-4 
GPa  and  temperatures  between  1 050°C  and  1150°C.  Between  5  and  11  GPa,  a  much 
smaller  proportion  of  granitic  liquid  (<10%)  is  present.  Garnet-clinopyroxene  pairs  in 
eclogite  residues  at  these  conditions,  from  several  different  basalt  compositions,  fall 
within  a  broad  envelope  defined  by  xenolith  suites,  in  terms  of  Ca-Mg-Fe  compo¬ 
nents  (Fig.  1).  Shown  for  comparison  are  the  fields  for  garnet-clinopyroxene  pairs  for 
diamond  inclusions  and  mantle  eclogites,  from  Jacob  et  al.,  1994.  For  mantle 
eclogites,  major  element  composition  is  clearly  not  diagnostic  of  partial  melting,  and 
a  diversity  of  protoliths  must  be  assumed  (Jerde  et  al.,  1993).  The  correlation  in 
Figure  1  between  eclogite  mineral  inclusions  in  diamonds  and  the  experimental 
residues  of  basalt  melting  may  or  may  not  be  coincidental. 
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Eclogite  xenoliths,  diamondiferous 
eclogites,  and  eclogite  mineral 
inclusions  in  diamonds  possess  a 
fairly  restricted  range  in  terms  of  the 
Ti02  content  of  garnet  (~0.1-O.7  wt%) 
and  the  Na20  content  of  clinopyro- 
xene  (2-7  wt%).  Systematics  of 
these  components  in  residual  garnet- 
clinopyroxene  pairs  from  the  melting 
experiments  at  2-11  GPa  indicate 
that  the  distribution  observed  in  the 
natural  samples  can  be  explained  by 
a  combination  of  low-degree  partial 
melting  at  2-4  GPa,  followed  by 
subsequent  equilibration  of  the  dry 
dense  residues  at  slightly  higher 
temperatures  (1150-1250°C)  at 
constant  or  increasing  pressure. 

This  is  based  upon  the  fact  that  the 
NazO  content  of  clinopyroxene  in  the 
residues  of  melting  increases 
progressively  with  increasing 
pressure,  from  2-3wt%  at  1.6  GPa  to  6-7wt%  at  3.2  GPa;  above  5  GPa,  clinopyroxene 
contains  >8wt%  Na20,  beyond  the  range  observed  in  eclogite  xenoliths.  The  Ti02 
content  of  garnet  in  the  residues  of  melting  is  in  the  range  l-2wt%  at  temperatures 
between  1000°C  and  1150°C,  i.e.,  temperatures  at  which  Si02-rich  or  ’'granitic"  liquids 
are  present,  and  at  pressures  of  2-11  GPa.  This  feature  therefore  appears  to  be 
relatively  insensitive  to  pressure,  but  strongly  dependent  on  the  degree  of  melting 
and  thus  liquid  composition  and  temperature  of  the  experiment  At  temperatures  of 
1200-1250°C,  TiOz  in  garnet  is  0.3-0. 6wt%.  Taken  together,  the  systematics  of  TiOz  in 
garnet  and  Na20  in  clinopyroxene  for  the  experimental  residues  suggest  the 
following  sequence  of  events:  (1)  generation  of  TTG  magmas  by  partial  melting  of  a 
wet  eclogite  protolith  at  2-4  GPa  and  1050-1150°C,  (2)  sinking  of  the  eclogitic 
residues  of  melting  to  higher  temperature  and  pressure  regimes  (~1150-1200°C,  5-7 
GPa)  in  the  subcontinental  mantle  (3)  sampling  of  these  residues  by  kimberlites. 

A  number  of  geochemical  studies  of  eclogite  xenoliths  and  diamond  mineral 
inclusions  in  recent  years  have  concluded  that  the  geochemical  characteristics  of  some 
of  these  samples  are  consistent  with  their  having  experienced  extraction  of  a  low- 
degree  melt  component  at  some  point  in  their  history,  based  on  estimates  of 
reconstructed  whole  rock  compositions  (e.g.,  Taylor  and  Neal,  1989;  Jacob  et  al., 

1994).  Ireland  et  al.  (1994)  describe  garnet  and  clinopyroxene  inclusions  in  diamonds 
from  kimberlites  piercing  the  Siberian  craton  that  are  more  depleted  in  incompatible 
trace  elements  than  the  eclogite  host  minerals.  Their  interpretation  of  the  sequence  of 
events  leading  to  the  observed  trace  element  pattemsin  the  diamond  inclusions  is 


Figure  1.  Atomic  Ca-Mg-Fe  of  coexisting 
gamet-clinopyroxene  pairs.  Fields  for 
mantle  eclogites  (dashed)  and  diamond 
inclusions  (dot-dashed)  from  Jacob 
et  al.  (1994). 
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broadly  consistent  with  the  scenario  outlined  above  based  on  the  systematics  of 
Ti02  in  garnet  and  NazO  in  clinopyroxene  for  the  experimental  residues  of  melting. 

In  order  to  substantiate  these  interpretations,  the  trace  element  characteristics  of  the 
eclogitic  residual  assemblages,  coexisting  with  TTG  partial  melts,  were  determined 
by  ion  microprobe  (in  collaboration  with  N.  Shimizu).  The  results  of  these  analyses 
are  summarized  in  Figure  2;  the  shape  of  the  overall  pattern  of  trace  element 
abundances  in  residual  garnet  in  the  melting  experiments  is  remarkably  similar.  The 
higher  concentrations  of  trace  elements  in  the  experimentally-equilibrated  garnets  is 
attributable  to  the  fact  that  the  starting  basalt  composition  is  intermediate  between  N- 
type  (normal)  MORB  and  E-type  (enriched)  MORB,  a  consideration  that  does  not 
invalidate  the  correlation  in  the  least  The  data  presented  are  therefore  broadly 
consistent  with  models  in  which  TTG  magmas  that  form  the  bulk  of  the  early 
Archean  continents  are  the  result  of  melting  of  hydrated  basalt  at  lower  crustal  to 
upper  mantle  depths,  with  the  dense  eclogite  residues  of  melting  foundering  and 
disaggregating  in  the  underlying,  juvenile,  sub-continental  mantle. 


Figure  2.  Comparison  of  trace  element  compositions  of  garnet  for  Udachnaya 
xenoliths  (both  eclogite  host  and  inclusions  in  diamonds),  with  garnet  in  the  residues 
of  melting  experiments  at  1-3  GPa,  coexisting  with  TTG  liquids.  Udachnaya  data 
from  Ireland  et  al.,  1994. 
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INTRODUCTION 

The  Coanjula  microdiamond  deposits  are  located  in  the  northeastern  Northern  Territory  within 
the  North  Australian  Craton.  The  microdiamond  deposits  were  discovered  in  the  mid  1980's 
following  a  regional  gravel  sampling  program  in  the  Northern  Territory  (Lee  et  al .,  1994).  A 
subsequent  drilling  program  to  follow-up  the  microdiamond  anomalies  led  to  the  discovery  of 
several  basaltic  to  potassic-ultrabasic  intrusives  in  the  area,  all  of  which  are  non-diamondiferous. 
The  intrusions  are  hosted  by  Lower  Proterozoic  metagreywackes  which  are  documented  to 
contain  abundant  microdiamonds  (Lee  et  al.,  1994).  Based  on  petrographic,  mineral  chemical, 
and  geochemical  data,  three  distinct  suites  of  igneous  rocks  are  described  and  include:  1)  basaltic 
diatremes  of  alkaline  affinity;  2)  quench-textured  high-K  andesites,  and  3)  high  MgO  shoshonitic 
intrusives  (kentallenites). 

ALKALINE  DIATREMES 

The  alkaline  diatremes  belong  to  an  alkali-olivine  basalt-basanite-nephelinite  and  leucitite 
magmatic  series.  Breccias  consist  of  magmatic  materials  and  country  rocks.  The  Coanjula 
alkaline  diatremes  are  generally  similar  to  Mesozoic-Tertiary  Eastern  Australian  alkaline  diatremes 
with  respect  to  their  morphology,  petrography,  and  geochemistry  (notably  their  high  Nb 
contents),  but  some  mineralogical  and  geochemical  features  are  unique  to  Coanjula.  For  example, 
in  the  Coanjula  alkaline  magma  series,  aggregates  of  diopsides  having  Ti>Al  occur  obiquitously  in 
the  groundmass  associated  with  interstitial  alkali  feldspars.  Diopsides  are  more  consistent  in 
mineral  chemistry  with  those  found  in  lamproites  than  in  any  alkaline  basalts.  The  Coanjula  series 
rocks  have  lower  CaO,  Si02,  P205,  Sr  and  higher  abundances  of  LILE  (Rb,  Ba,  TH,  K)  than 
Eastern  Australian  alkaline  series.  A  preliminary  age  determination  of  a  kaersutite  megacry st 
from  one  of  the  pipes  yielded  a  K-Ar  date  of  1,665  My. 

ANDESITES 

The  Coanjula  andesites  are  characterized  by  a  quench-texture  with  skeletal  growths  of 
plagioclase  and  titanomagnetite.  They  classify  chemically  as  high-K  andesites  and  have  trace 
element  abundances  suggesting  they  are  related  to  the  kentallenites  by  fractional  crystallization. 
Trace  element  compositions  of  high-K  andesites  from  the  Andes  and  the  Sunda  Arc  are  similar  to 
those  of  Coanjula.  The  age  of  the  andesites  is  uncertain,  blit  cross-cutting  field  relations  indicates 
a  tentative  range  between  1, 700-1, 800My. 

SHOSHONITES 

High  MgO  shoshonitic  intrusives  with  10-20  wt%  MgO  occur  as  discrete  plutons,  and 
geochemicaly  are  related  to  the  andesites.  The  Coanjula  shoshonitic  intrusives  are  most  similar  in 
major  and  trace  element  abundances  to  kentallenites  from  Scotland  and  Tanzania  showing  high  Ni 
and  Cr  contents  (-150  and  200ppm,  respectively),  and  high  LREE-enrichment  (up  tp  60  times 
chondrites).  The  Scottish  kentallinites  formed  in  subduction-related  environments  and  a  similar 
origin  can  be  inferred  for  the  Coanjula  shoshonitic  intrusives.  The  age  of  the  shoshonites  is  not 
known,  although  cross-cutting  relationships  suggest  that  the  Shoshonites  are  older  than  the  pipes. 

460 


METAGREYWACKES 


The  metagreywackes  in  the  Coanjula  area  form  part  of  the  Lower  Proterozoic  Murphy 
metamorphics,  and  are  estimated  to  be  >l,800My.  Metagreywackes  which  host  the 
microdiamonds  have  a  high  lithic  content.  From  their  geochemistry,  interbedded  shales  appear  to 
be  post-Archean.  They  display  a  negative  Eu  anomaly,  have  (Gd/Yb)N  <2  and  Th/Sc<l  and  have 
low  Cr  contents  (~120ppm)  compared  with  Archean  shales  (>200ppm). 

DIAMOND  SOURCE 

The  stratigraphic  relationship  between  the  three  main  igneous  rock  series  and  the 
metagreywackes  precludes  any  of  the  igneous  rocks  as  the  host  for  the  microdiamonds  as  the 
diamondiferous  metagreywackes  are  older  than  any  of  the  intrusives.  The  mineralogy  and 
geochemistry  of  the  igneous  rocks  further  confirms  that  they  are  unlikely  to  be  the  source  for  the 
diamonds  as:  1)  a  fossil  Proterozoic  geotherm  derived  from  an  orthopyroxene  xenocryst  (1039- 
1050°C  at  10-15kbar)  indicates  an  environment  which  is  too  hot  for  diamond  sampling,  and  2) 
mineral  chemistry  of  heavy  mineral  concentrates  from  the  alkaline  diatremes  indicates  shallow 
sampling  of  the  spinel  lherzolite  stability  field.  The  spatial  juxtapostion  of  alkaline  and  potassic 
igneous  rocks  with  the  Coanjula  microdiamonds  thus  appears  to  be  coincidental  and  an  alternative 
source  for  the  diamonds  remains  to  be  identified. 
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The  Paleozoic  Mir  kimberlite  pipe  is  one  of  the  several  hundred  kimberlite 
diatremes  which  constitute  the  Yakutian  province  of  the  Siberian  platform  in  eastern 
Siberia  (Sobolev,  1985).  At  this  pipe,  garnet-bearing  inclusions  are  common  and  are 
dominated  by  relatively  coarse-grained  garnet  peridotites  which  have  olivine  grains  > 

1  mm  across  in  contrast  to  uncommon  sheared  garnet  peridotites  which  have  pyroxene, 
garnet  and  olivine  porphyroclasts  in  a  matrix  of  olivine  neoblasts  <100  micrometers 
across.  Additionally,  spinel-  and  ilmenite-bearing  peridotites,  ilmenite-clinopyroxene 
intergrowths,  eclogites  and  different  pyroxenites  occur  (Vladimirov  et  al.,  1976; 
Spetsius,  Serenko,  1990).  We  used  the  electron  microprobe  to  characterize  mineral 
compositions  of  representative  coarse  and  sheared  garnet  peridotites,  garnet  websterites 
and  orthopyroxenites,  spinel  websterites  and  ilmenite-bearing  garnet  wherlite  xenoliths. 

The  bulk  of  the  samples  are  Mg-rich  as  evidenced  by  the  olivine  compositions 
(Fo89_92)  in  the  peridotites  (Fig.  1)  and  the  pyroxene  compositions  (Mg#  >90)  in  the 


Fig.  1.  Olivine  and  garnet  compositions  as  a  function  of  texture 
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pyroxenites.  Exceptions  to  this  generalization  are  two  ilmenite-bearing  garnet  wherlites 
which  have  more  Fe-rich  olivine  (Fog4.85)  and  one  garnet  websterite  with  relatively  Fe- 
rich  orthopyroxene  (Mg#  =  85).  All  the  garnets  in  these  inclusions  are  relatively  CaO- 
rich  and  plot  along  the  lherzolite  trend  indicative  of  saturation  with  clinopyroxene  (Fig. 
2).  Although  some  garnets  are  zoned  with  respect  to  Cr,  Ti  and  Fe,  pyroxenes  are 


Fig.  2.  Garnet  compositions  of  peridotite  xenoliths  are  indicative  of  saturation  with 
clinopyroxene. 


generally  unzoned  and  allow  some  estimation  of  equilibration  temperatures  and 
pressures.  Pyroxenes  from  the  sheared  peridotites  show  compositional  features 
(relatively  low  Ca/(Ca-f-Mg)  in  clinopyroxene  and  low  A1203  in  orthopyroxene) 
indicative  of  relatively  high  pressures  and  temperatures  of  equilibrium.  Calculations  of 
equilibration  pressures  and  temperatures  after  Finnerty  and  Boyd  (1987)  are  consistent 
with  relatively  high  temperatures  and  pressures  of  equilibration  for  the  sheared 
peridotites(Fig.  3).  Thus,  the  textural  and  mineralogic  differences  between  sheared  and 
coarse  peridotites  at  the  Mir  pipe  bear  some  resemblance  to  those  between  sheared  and 
coarse  peridotites  in  some  South  African  occurences. 

An  intriguing  aspect  of  the  Mir  xenoliths  is  the  limited  isotopic  data  reported  by 
McCulloch  (1989)  and  Zhuravlev  et  al.  (1991)  which  indicate  isotopic  disequilibrium 
between  garnet  and  clinopyroxene  consistent  with  very  high  initial  ENd  (22.5-24.5)  at 
0. 7-2.0  Ga.  The  texture  of  the  peridotite  xenolith  analyzed  for  Nd  isotopic  composition 
by  M.  McCulloch  are  not  reported  in  the  context  of  coarse' and  sheared  peridotites. 
However,  comparison  of  reported  mineral  compositions  with  our  data  suggest  that  the 
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three  Mir  samples  analyzed  for  Sm-Nd  systematics  are  all  coarse  garnet  peridotites.  An 
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Fig.  3.  Equilibration  temperatures  and  pressures  of  garnet  peridotites. 


unresolved  question  is  whether  or  not  the  sheared  peridotites  from  this  pipe  indicate 
highly  depleted  mantle.  This  question  is  of  particular  regional  importance  given  the 
evidence  for  enriched  (i.e.,  low  ENd)  mantle  beneath  the  nearby  Udachnaya  kimberlite 
(Boyd  et  al.,  1993). 
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DEEP  STRUCTURE  OF  YAKUTIAN  DIAMONDIFEROUS  AREAS:  EVIDENCE  FROM 
GEOPHYSICAL  DATA 
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Nowadays,  most  primary  diamond  deposits  in  the  world  are  known  to  occur  within  ancient 
cratons.  This  supports  the  tendency  that  was  reported  by  Kennedy  (1964)  and  ClifTord  (1966).  The 
information  on  the  deep  structure  of  such  areas  is  rather  scarce.  Hence,  to  assess  the  features  of  kimberlite 
spatial  distributions  is  quite  difficult.  To  date,  deep  structure  of  the  Yakutian  diamondiferous  province 
has  been  studied  with  several  geophysical  methods.  This  allowed  the  conclusions  about  the  spatial 
emplacement  of  kimberlites  over  the  platform  and  some  geophysical  phenomenal  regularities 
accompanying  kimberlite  magmatism. 

Basing  on  geophysical  data  (Mokshantsev  et  al.,  1975;  Gusev  et  ah,  1975),  the  Yakutian 
kimberlite  province  occupies  an  area  within  which  the  Early  Archean  Tunguss  (west),  Olenyok,  and 
Tyung  (east)  cores  surrounded  by  extended  Late  Archean-Early  Proterozoic  mobile  belts  are  recognized. 
The  latter  are  clearly  traced  by  positive  and  negative  linear  magnetic  anomalies. 

The  results  of  magneto-telluric  sounding  (Nikulin  et  ah,  1988)  show  that  the  province  is  located 
within  a  thick  (150-200  km)  lithosphere  block,  likely  representing  a  so-called  "mantle  root"  (Gumey, 
1984;  Helmstedt,  1993).  Asthenosphere  beneath  this  block  is  almost  completely  thinned  out  and  preserved 
as  low-thick  lenses.  Weak-altered  segments  of  the  ancient  Early  Archean  cores  are  noted  by  high 
transverse  resistivity  of  the  earth's  crust,  unlike  ancient  mobile  belts,  that  are  characterized  by  low  up  to 
100  Oman  resistivity. 

Extraordinary  low  earth  crust  resistivity  (<  100  O  m/m)  was  recorded  also  in  the  Daldyn-Alakit 
diamondiferous  region  (Poltoratskaya,  1995).  This  can  be  related  to  the  processes  of  secondary 
metamorphic  alterations.  Such  alterations  of  metamorphic  rocks  were  reported  by  V.  Serenko  (1989) 
while  studying  the  xenoliths  from  kimberlite  pipes  of  the  region.  However,  the  Mirny,  Muna  and  several 
northern  kimberlite  fields  are  accompanied  by  high  resistivity  areas. 

The  information  about  the  structure  of  upper  mantle  and  consolidated  crust  was  obtained  due  to 
deep  seismic  sounding  (Suvorov,  1993).  The  depth  to  the  Moho's  interface  ranges  from  30  to  50  and  more 
km  within  the  province.  There  was  found  a  depression  in  the  Moho's  interface  that  is  traced  from  the 
Mirny  to  Daldyn  kimberlite  fields.  In  the  earth  crust,  this  depression  is  balanced  by  a  swell-like  rise.  Both 
structures  tend  to  the  eastern  edge  of  ancient  mobile  belt.  Their  strike  changes  according  to  the  position  of 
Early  Archean  cores.  The  whole  territory  located  within  the  ancient  mobile  belt  is  characterized  by 
unusually  high  differentiation  of  border  velocities  along  the  Moho's  interface  (8. 2-9.0  km/sec),  whereas 
outside  the  belt  velocities  rarely  exceed  8. 2-8. 4  km/sec.  V.  Suvorov  assumed  that  the  existence  of  such 
heterogeneities  can  be  related  to  vigorous  crust-mantle  processes  that  could  be  responsible  for  the  change 
of  deep-seated  rock  properties.  V.  Suvorov  also  marked  some  abnormal  features  of  the  earth's  crust  in  the 
areas  of  kimberlite  magmatism  manifestation: 

-  relative  increase  of  Poisson's  coefficient  in  the  lower  crust; 

-  increase  of  absorption  coefficient  in  the  upper  crust; 

-  strong  seismic  foliation  of  the  upper  crust. 
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Some  signs  that  were  marked  for  kimberlite  fields  evidence  of  the  crust  features  that  are 
favourable  to  the  intrusion  of  kimberlite  pipes.  According  to  magneto-telluric  sounding  data,  over  many 
kimberlite  bodies  there  are  distinct  subvertical  disturbances  of  geological  section  that  are  exhibited  as  the 
alteration  of  high  and  low  resistivity  zones.  This  can  be  explained  by  the  occurrence  of  vertical  convective 
currents  which  re-worked  the  crust  (Poltoratskaya,  1995).  Gravity  studies,  carried  out  in  the  northern  part 
of  the  province,  showed  that  kimberlites  tend  to  the  areas  with  decreased  thickness  of  the  upper  crust 
(Manakov,  1995).  The  same  tendency  was  noted  for  kimberlite  fields  of  the  Daldyn-Alakit  region,  as  well. 
Thus,  kimberlite  field  are  characterized  by  gravitational  lows  that  are  recorded  either  in  observed 
anomalies,  or  in  transformed  local  values.  Also,  these  minima  can  result  from  the  change  of  densities  due 
to  crust -mantle  processes. 

As  a  rule,  gravitation  minima  over  kimberlite  fields  are  accompanied  by  the  reduction  of 
magnetic  anomaly  intensities.  The  magnetic  minima  and  the  areas  of  reduced  horizontal  gradient  of 
magnetic  field  can  appear.  Abnormally  high  values  of  the  depths  to  the  magnetic  objects  that  are 
calculated  for  the  area  of  kimberlite  fields  can  relate  to  the  same  magnetic  field  features.  If  there  are  linear 
regional  anomalies  within  the  observed  magnetic  fields,  the  latter  are  characterized  by  a  change  of  the 
shape  of  anomalies  near  kimberlite  field.  That  is  anomalies  change  their  strike,  split  into  separate  finer 
elements,  and  so  on.  The  aforesaid  features  of  magnetic  anomalies  also  can  support  the  local  change  of 
crustal  rock  magnetic  properties  in  the  areas  of  kimberlite  magmatism  display. 

Gravimetric  and  magnetic  anomalies  over  kimberlite  fields  are  very  important  for  kimberlite 
search  and  prospecting.  Only  these  materials  are  usually  available  for  blank,  not  investigated  areas. 
Nevertheless,  the  noted  anomalies  over  kimberlite  fields  are  usually  complicated  due  to  different 
geological  factors.  Thus,  to  get  useful  information  certain  transformations  are  required. 
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PERSPECTIUES  FOR  DISCOUERING  KIMBERLITIC  AND  LAHPROITIC 
MAGMATISM  IN  THE  RUSSIAN  FAR  EAST. 

Roaashkin,  A. I. 

Far  East  Regional  Intonation  Coaputer  Centre  attached  to 
Far  East  Researche  Institute  of  Raw  Materials,  Roscoanedra, 

3i,  Gerasiaov  Str.,  Khabarovsk,  680021 ,  Russia 

The  Aldan-Stanovoi  geoblock  which  is  the  south-eastern  end 
of  the  Siberian  Platfora,  and  the  Aaursk  geoblock  representing 
the  north-eastern  part  of  the  Chinese  Platfora  deteraine  the 
geotectonic  nature  of  the  Far  East  which  has  a  coaplicated 
geologic  structure  and  a  long  history  of  evolution.  The  Yakutsk 
and  North-Chinese  diaaond-bearing  kiaberlitic  provinces  occur  in 
the  adjacent  areas. 

Archean  cratons  coaposed  of  Archean  intrusive-aetaaorphic 
coaplexes  and  Phanerozoic  paleorift  structures  represented  by 
terrigenous  and  terrigenous  -  volcanogenic  overlapping 
depressions  and  basins  are  recognized  in  the  region. 

Froa  the  position  of  T.  Clifford  rule,  rifting,  and  plate 
tectonics,  perspective  areas  corresponding  to  the  rank  of  a 
kiaberlitic  or  a  laaproitic  region  were  identified.  Thea  are 
within  the  liaits  of  Archean  cratons,  at  the  intersection  of 
paleorift  structures  by  cross  (transfora)  deep  faults. 

On  analogy  with  ore  regions  in  Yakutiya,  North-East  China, 
and  Hestern  Australia  a  forecasting-prospecting  iiage  of  a  field 
of  kiaberlitic  and  laaproitic  aagiatisi  was  elaborated  for 
geologic  forecasting  and  prospecting  stages  of  works.  On  the 
whole,  it  corresponded  to  kiaberlitic  aagaatisa  in  peripheral 
zones.  Minerals-indices  of  kiaberlitic  (laaproitic)  aagaatisa  are 
the  aost  inforaative  features  of  the  field 
forecasting-prospecting  iaage.. 

The  specialized  works  carried  out  in  the  Far  East  deterained 
individual  findings  of  chroae-pyrope,  picro-ilaenite, 
chroae-spinellid,  chroae-diopside,  and  olivine.  Their 
coapositional  peculiarities  are  suggestive  of  kiaberlitic  or 
laaproitic  nature. 

Chroae-pyrope  was  found  in  the  Daabukinsky  and  flktyabr'sky 
blocks  and  in  the  north-eastern  ria  of  the  Khankaisky  aassif.  In 
a  Ca0-Cr203  diagraa  a  aajor  portion  of  grains  corresponds  to 
lherzolitic  paragenesis,  three  grains  to  eclogitic,  and  one  grain 
to  a  diaaond  association. 

Picroilaenite  was  deterained  in  a  nuaber  of  sites  of  the 
Bureinsky  aassif  and  in  the  Alchan  structural-foraational  zone 
representing  the  north-eastern  aargin  of  the  Khankaisky  aassif 
superiaposed  by  Mesozoic  volcanogenic-terrigenous  deposits.  In 

467 


picroilaenite  the  content  of  MgO  ranges  froa  5  to  9%,  and  Ti 02 
froa  45  to  53 *.  In  soae  cases  the  content  of  91203  is  1.38*. 
however  in  soae  varieties  the  content  of  A1203  is  less  than 
0.5*. 

TABLE  1.  Picroilaenite  of  the  Russian  Far  East 


N 

Ti  02 

A1203 

Cr203 

Fe203 

FeO 

NnO 

MgO 

Total 

i 

47.28 

1.38 

.23 

16.47 

25.60 

.18 

9.41 

98.92 

2 

49.15 

.21 

.00 

13.85 

27.65 

1.91 

8.21 

100.98 

3 

57.67 

.05 

.00 

.00 

28.56 

1.15 

11.91 

99.34 

4 

46.57 

1.08 

.00 

15.90 

29.61 

.29 

6.72 

100.17 

5 

46.57 

.92 

.28 

16.88 

26.67 

.42 

8.33 

100.07 

6 

47.64 

1.00 

.37 

28.36 

14.47 

.34 

7.67 

99.85 

7 

47.05 

1.04 

.11 

29.66 

15.40 

.33 

6.94 

100.53 

8 

47.72 

.85 

.77 

13.91 

29.44 

.29 

7.43 

99.03 

9 

49.09 

.22 

.22 

11.80 

30.87 

.00 

7.44 

98.47 

10 

48.93 

.50 

.32 

14.05 

29.98 

.36 

7.71 

100.46 

li 

50.11 

.80 

.41 

11.13 

31.55 

.22 

7.49 

100.60 

12 

49.15 

.86 

.46 

13.08 

30.47 

.36 

7.56 

100.64 

13 

49.44 

1.02 

.20 

12.75 

30.68 

.43 

7.55 

100.80 

14 

48.85 

.76 

.01 

11.96 

30.74 

.48 

7.13 

99.93 

15 

49.81 

.83 

.37 

11.69 

31.00 

.37 

7.55 

100.46 

16 

48.87 

.98 

.72 

12.60 

28.80 

.31 

8.37 

99.40 

17 

48.28 

1.08 

.05 

13.50 

29.34 

.36 

7.69 

100.30 

18 

49.22 

1.12 

.07 

13.10 

29.58 

.29 

8.12 

100.20 

Note:  1-7  -  picroilaenite  of  the  Bureinsky  aassif, 

8-18  -  picroilaenite  of  the  Alchan  structural-foraational  sone 

Chroae-spinellids  were  aet  in  practically  all  the  blocks  and 
Structural-foraational  zones  of  the  region.  The  Far  Eastern 
chroae-spinellids  were  divided  into  two  groups  by  discriainant 
analysis  worked  over  on  typical  coapositions  of  chroae-spinellids 
froa  kiaberlites  of  Yakutiya,  NE  China,  Nest  Australian 
laaproites,  and  ultraaafic  rocks  of  various  foraational  types. 

For  the  first  group  (840  analyses)  the  kiaberlitic  nature  is 
excluded  or  hardly  probable.  The  second  group  chroae-spinellids 
(204  analyses)  can  have  kiaberlitic  or  laaproitic  nature  with  the 
probability  of  50*.  Based  on  coapositional  peculiarities  they  are 
divided  into  three  types:  the  diaaond  association 
chroae-spinellids  analogous  with  chroae-spinellids  froa 
aggregates  with  diaaond,  the  kiaberlite  type  chroae-spinellids 
analogous  with  the  Lower-Olenyok  region  chroae-spinellids,  and 
the  laaproite  type  chroae-spinellids  analogous  with 
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chroie-spinellids  froi  the  Hest  Australian  laiproites.  The  first 
and  second  type  chroie-spinellids  uere  lainly  detenined  in  the 
Oktyabr’sky  block  of  the  Bureinsky  lassif  and  in  the  south  of  the 
Khankaisky  lassif.  and  the  third  type  -  in  the  Bikinsk,  Badjalsk, 
Hest  and  Central  Sikhote  Alin  structural  foriational  zones 
bordering  the  Bureinsky  and  Khankaisky  lassifs  froi  the  east. 

TABLE  2.  Chroie-spinellids  of  the  Russian  Far  East 


Type  Statis.  Ti02  A1203  Cr203  Fe203  FeO  HnO  HgO 


x  0.17 
I  0.08 


(n=19)  iin  0 

lax  0.23 

x  0.29 

II  6  0.21 

(n=84)  iin  0.01 

tax  0.99 

x  2.32 

III  ff  0.79 

(n=101)  iin  1.05 

■ax  5.15 


8.90 

60.63 

2.46 

3.17 

3.62 

2.06 

4.55 

52.38 

0 

15.85 

66.18 

6.15 

29.16 

38.10 

3.92 

5.81 

5.60 

1.45 

19.04 

22.11 

1.16 

46.58 

49.42 

8.36 

14.27 

44.44 

8.46 

3.76 

2.93 

1.72 

8.11 

37.45 

1.01 

22.43 

51.53 

12.10 

16.04 

0.31 

11.25 

2.84 

0.08 

2.12 

11.38 

0.10 

8.35 

19.90 

0.42 

15.59 

11.64 

0.21 

16.54 

1.85 

0.07 

1.41 

7.77 

0.04 

12.70 

17.40 

0.50 

20.46 

16.69 

0.24 

13.61 

3.14 

0.10 

1.31 

10.42 

0 

9.64 

25.48 

0.68 

16.82 

Chroie-diopsides  containing  over  0.5%  Na20  and  over  0.5% 
Cr203  which  correspond  to  kiiberlitic  ones  in  Na20-A1203  and 
Cr-( 50-Ha)  diagrais  were  let  in  the  Kupur insky  and  Daibukinsky 
blocks  and  in  the  Central  Sikhote  Alin  structural  foriational 
zone.  Chroie-bearing  low  calciui  (CaO  less  than  0.5%)  lagnesia 
olivine  was  let  only  in  the  Khankaisky  lassif. 

Areas  where  kiiberl itic  and  laiproitic  iagia  lanifestations 
are  lost  probable  are  recognized  by  coiplex  analysis  of  the 
results  of  conceptual  forecasting  and  abundance  of  signs  of 
kiiberlitic  lagiatisi.  In  the  Baibukinsky  block  Lower  Paleozoic  - 
Cenozoic  kiiberlitic  lagiatisi  is  expected,  in  the  Oktybr’sky  and 
Malo-Khingansky  blocks  both  kiiberlitic  and  laiproitic  lagiatisi 
of  primarily  Mesozoic  -  Cenozoic  age  is  predicted,  and  in  the 
Khankaisky  lassif  north  there  is  expected  lainly  laiproitic 
■agiatisi  of  Mesozoic  age. 
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SIZE  AND  VALUE  DISTRIBUTIONS  OF  DIAMONDS. 


Rombouts,  L. 

Terraconsult  BVBA,  Oosterveldlaan  273,  B-2640  Mortsel- 
Antwerp,  Belgium 


Diamond  sizes  in  a  kimberlite  can  range  from  molecule-sized 
crystals  to  stones  of  several  hundred  carats.  Only  the  tail 
of  the  size  distribution,  say  stones  larger  than  0.02 
carats,  are  of  economic  interest.  Microdiamond  studies  can 
extend  the  range  of  the  observed  size  distribution  down  to 
the  order  of  0.00001  carats.  The  complete  size  distribution 
remains  however  unknown. 

In  kimberlites  and  lamproites,  diamonds  tend  to  increase 
exponentially  with  diminishing  size.  A  decrease  in  number 
frequency  at  the  smallest  recoverable  diamond  sizes  may 
occur,  but  is  artificial  and  due  to  a  gradual  loss  in 
recovery  efficiency.  The  exponential  decrease  of  number 
frequency  with  increasing  size  is  not  necessarily  uniform. 
The  corresponding  weight  frequency  distribution  often 
displays  a  clear  mode.  A  statistical  model  explaining  both 
the  exponential  increase  of  the  number  frequency  with 
diminishing  size  and  a  weight  frequency  distribution  with  a 
mode  is  the  log-hyperbolic  distribution.  If  the  weight 
frequency  is  plotted  versus  size  on  a  log-log  scale,  a 
hyperbola  is  obtained.  The  corresponding  number  frequency 
distribution  versus  size  on  a  log-log  scale  keeps  on 
increasing  with  diminishing  size  and  has  no  mode. 

The  log-hyperbolic  model  does  not  imply  that  the  diamond 
size  distribution  is  genetically  homogeneous.  In  fact,  the 
log-hyperbolic  distribution  can  be  obtained  as  a  mixture  of 
lognormal  distributions,  showing  a  linear  relation  between 
logarithmic  mean  and  logarithmic  variance. 

A  gradual  decrease  in  recovery  efficiencies  at  both  the 
lower  and  upper  sizes  during  sampling  or  on  an  industrial 
scale  in  the  plant,  results  in  the  bending  down  of  the 
extremities  of  the  log-hyperbolic  distribution.  The 
hyperbola  of  the  log-log  plot  of  weight  frequency  versus 
size  turns  into  a  parabola.  As  a  consequence,  3-  or  even  2- 
parameter  lognormal  distributions  can  be  fitted  to  the 
recovered  stone  size  distributions.  The  lognormal  size 
distribution  is  therefore  an  artefact  of  recovery 
efficiency. 

The  observation  that  the  combined  microdiamond  to 
commercial-sized  distribution  fits  reasonably  well  the 
lognormal  model  is  of  much  practical  use  during  the  initial 
drilling  stage  when  the  first  samples  are  submitted  for 
microdiamond  analysis.  When  the  microdiamond  sizes  are 
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plotted  on  a  lognormal  cumulative  probability  graph,  part  of 
this  plot,  especially  in  the  middle,  will  tend  to  lie  along 
a  straight  line,  with  strong  deviations  possible  at  one  or 
both  extremities.  A  strong  deviation  toward  the  larger  sizes 
is  due  to  the  chance  effect  of  having  a  large  diamond  in  the 
small  sample.  A  lognormal  line  can  be  traced  through  the 
linear  portion.  The  corresponding  logarithmic  mean  and 
variance  of  the  graphic  lognormal  fit  can  be  used  to  solve 
the  integral  of  the  lognormal  size  distribution  between  the 
range  0.01  or  0.1  to  100  carats. 

The  distribution  of  stones  within  a  homogeneous  kimberlite 
facies  is  much  more  uniform  than  in  alluvial  deposits.  The 
number  of  stones  per  unit  weight  follows  a  Normal  or  Poisson 
distribution.  The  total  weight  of  microdiamonds  recovered 
from  a  sample  can  be  multiplied  with  the  fraction  of 
commercial-sized  diamonds,  derived  from  the  extrapolation  of 
the  lognormal  frequency  distribution,  to  obtain  an 
approximate  grade. 

Sorting  in  an  alluvial  environment  results  in  a  gradual 
truncation  of  the  log-hyperbolic  size  distribution  from  the 
primary  source.  Finer  diamonds  tend  to  concentrate  in  the 
sand  fraction,  while  larger  diamonds  tend  to  be  enriched  in 
the  bottom  gravels  of  an-  alluvial  sequence.  The  resulting 
distribution  is  lognormal. 

Two  types  of  value  distribution  can  be  considered:  the  value 
per  stone  distribution  and  the  value  per  carat  distribution. 

The  value  per  stone  distribution  is  usually  well-fitted  to  a 
2-parameter  lognormal  distribution.  However,  the  logarithmic 
variance  can  be  very  high.  While  in  alluvial  deposits  the 
logarithmic  variance  of  the  value  of  the  individual  stones 
is  often  three  or  less,  on  many  kimberlites  the  logarithmic 
variance  can  be  5  or  more. 

The  value  per  carat  distribution  is  the  quotient-  between  the 
value  per  stone  distribution  and  the  stone  size 
distribution.  The  latter  two  .are  often  lognormal,  but  their 
quotient  not  necessarily  so,  as  they  are  not  independent. 

The  value  per  carat  distribution  is  useful  in  determining 
the  optimal  bottom  screen  size  and  top  crushing  size. 

At  the  evaluation  stage,  the  average  carat  price  is 
traditionally  obtained  by  dividing  the  total  value  of  the 
diamonds  recovered  during  a  sample  programme  by  their  total 
weight.  This  is  equivalent  to  dividing  the  arithmetic  mean 
of  the  value  per  stone  distribution  by  the  arithmetic  mean 
of  the  stone  size  distribution.  Considering  the  high 
logarithmic  variances  of  the  value  per  stone  distribution, 
this  is  not  a  very  efficient  procedure.  In  case  of 
lognormal ity,  the  average  carat  price  is  better  estimated  by 
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dividing  the  t-estimator  of  the  value  per  stone  distribution 
by  the  t-estimator  of  the  stone  size  distribution. 
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ECLOGUE  XENOLITHS:  SAMPLES  OF  ARCHEAN  OCEAN  FLOOR 


Rudnick,  R.L. 

Department  of  Earth  and  Planetary  Sciences,  Harvard  University,  20  Oxford  St., 
Cambridge,  MA  02138,  U.S.A. 

The  origin  of  eclogite  xenoliths  carried  by  kimberlitic  magmas  continues  to  be 
controversial.  There  are  basically  two  schools  of  thought:  1)  eclogites  represent 
crystal  cumulates  from  basaltic  magmas  formed  at  high  pressures  within  the 
mantle,  and  2)  eclogites  represent  fragments  of  oceanic  lithosphere  that  were 
subducted  or  otherwise  buried  to  great  depths  within  the  lithospheric  mantle. 

The  non-mantle-like  values  for  carbon,  oxygen  and  sulfur  isotopes  found 
associated  with  some  eclogite  xenoliths  suggest  they  formed  as  recycled  oceanic 
crust.  However,  other  eclogites  have  mantle-like  stable  isotopic  signatures  (e.g., 
many  eclogites  or  eclogitic  diamonds  &  inclusions  from  Udachnaya,  (Jacob  et  al., 
1994;  Jerde  et  al.,  1995;  Rudnick  et  al.,  1993))  and  the  origin  of  these  samples  is  less 
clear. 


Major,  trace  element  and  isotope  geochemistry  provide  additional  constraints 
on  eclogite  genesis,  but  should  be  used  with  the  following  provisos  in  mind. 

1)  The  presence  of  secondary  phases  on  grain  boundaries  and  particularly  replacing 
omphacites  in  most  kimberlite-borne  eclogite  xenoliths  greatly  alters  the 
incompatible  trace  element  (hence  isotopic)  composition  of  the  rocks,  making  whole 
rock  data  of  little  use  in  deciphering  eclogite  petrogenesis. 

2)  Recent  measurements  of  garnet  and  omphacite  included  in  diamonds  from 
eclogite  xenoliths  shows  that,  in  comparison  to  the  rock  phases,  these  inclusions  are 
more  depleted  in  incompatible  trace  elements  (Ireland  et  al.,  1994).  This  suggests 
that  the  incompatible  trace  element  concentrations  and  isotopic  ratios  of  purified 
mineral  separates  from  eclogite  xenoliths  may  yet  reflect  metasomatic  overprints 
rather  than  the  original  composition  of  the  eclogite  minerals. 

Major  elements  are  less  susceptible  to  metasomatic  alteration  in  eclogites 
than  incompatible  trace  elements  and  thus  provide  a  better  opportunity  to  interpret 
whoie  rock  data.  Eclogite  xenoliths  are  distinct  from  MORB,  having  significantly 
lower  TiC>2  and  Na20  and  higher  MgO  contents  (Fig.  1).  In  contrast,  massif  eclogites 
have  major  element  compositions  identical  to  MORB,  consistent  with  their  inferred 
origin  as  obducted  fragments  of  metamorphosed  ocean  floor  (e.g.  (Stosch  and 
Lugmair,  1990)).  In  addition,  the  recasting  of  average  MORB  or  altered  MORB  into 
eclogite  mineralogy  predicts  a  lower  garnet  to  clinopyroxene  ratio  and  lower  Na20 
content  in  omphacite  than  observed  in  typical  xenolithic  eclogites.  Other  significant 
differences  include  the  absence  of  a  silica  phase  (coesite)  and  higher  Mg#  in  most 
xenolithic  eclogites  compared  to  MORB  or  their  eclogitic  equivalents. 


473 


20 


15 


10 


4 

3 

2  F- 


1  - 


-  □ 


5 

4 

3 

2 

l  h 


TiO 


•  MORB 

□  Massif  Eclogites 
o  Xenolithic  Eclogites 


i  >  i  1  i  i  i  i  I  Pi 


i  l  i  i  i 


CaO 


o  O 


•  • 


I  I  I  I 


I  I  I 


1  «  1  ‘  1  1 


60 


55 


50 


45 


NazO 


SiO 


-  □ 


o'?  <6°  0 

°  o  0 

i— i—i— i I i i i j I lj l_i_ i— i— 1— 


I  I  I  I  I  I 


i  i  I  i  i  i  i  I  i  i  i  i 


40 


10  15  20  25  30 

MgO 


10  15  20  25 

MgO 


30 


Figure  1.  Plots  of  MgO  vs.  Ti02,  CaO,  Na20  and  Si02  for  MORB,  massif  eclogites  and  xenolithic 
eclogites  (bi-mineralic  only).  Massif  eclogite  data  are  from  the  following  locations:  Miinchberg  massif, 
Bohemian  Massif,  D'Entrecasteaux  Island.  Xenolithic  eclogite  data  are  from  the  following: 
Udachnaya,  Obnazhennya,  Mir,  Koidu,  Bellsbank  and  Roberts  Victor. 

The  above  discrepancies  are  explicable  if  xenolithic  eclogites  represent 
subducted  Archean  oceanic  crust  that  has  lost  a  partial  melt  at  high  pressures. 
Melting  in  the  3-6  GPa  range  to  produce  a  tonalitic  melt  increases  the  proportion  of 
garnet  to  clinopyroxene  in  the  residue,  eliminates  the  Si02-phase  (and  any  primary 
K-phase)  and,  since  Na20  partitions  into  clinopyroxene  over  melt  at  high  pressures, 
will  result  in  jadeite-rich  clinopyroxene. 

The  similarity  between  xenolithic  eclogites  and  Archean  basalts /komatiites  is 
striking  (Fig.  2).  The  lower  Si02  in  xenolithic  eclogites  compared  with  Archean 
basalts  is  consistent  with  the  loss  of  a  silicic  melt  from  the  eclogitic  residue.  Thus 
the  major  element  compositions  of  eclogite  xenoliths  support  their  origin  as 
subducted  (and  melted)  Archean  oceanic  crust  (Jacob  et  al.,  1994). 
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Figure  2.  Plots  of  MgO  vs.  TiC>2,  CaO,  Na20  and  SiC>2  for  Archean  basalts  and  komatiites  compared 
with  xenolithic  eclogites.  Data  sources  as  in  Fig.  1. 
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GARNET  GEOTHERMS:  DERIVATION  OF  P-T  DATA  FROM  Cr-PYROPE  GARNETS 


Ryani,  C.G.,  GriffirP,  W.L,  PearsorP,  N.J.,  and  Wink  T.T. 

1  CSIRO  Exploration  and  Mining,  P.O.  Box  136,  North  Ryde,  NSW  2113,  Australia. 

2  School  of  Earth  Sciences,  Macquarie  University,  Sydney  NSW  2109,  Australia. 

Mantle  xenoliths  from  kimberlites  and  other  volcanic  rocks  are  commonly  quenched 
from  mantle  conditions,  and  their  mineral  chemistry  is  routinely  used  to  locate  the 
source  of  these  rocks  in  pressure  (P)  and  temperature  (T)  coordinates.  However,  these 
polyphase  mantle  samples  are  rare  in  many  provinces,  although  remnants  of 
disaggregated  xenoliths  can  be  found  as  discrete  grains  in  heavy  mineral  concentrate 
collected  during  diamond  exploration  and  mining  operations.  Garnets  in  these 
concentrates  exhibit  large  ranges  in  major  and  trace  element  composition,  reflecting 
lithology,  P-T  conditions  and  the  effects  of  metasomatic  processes  in  the  mantle.  Until 
recently,  it  has  not  been  possible  to  place  this  information  in  a  stratigraphic  context,  and 
the  information  content  of  concentrates  could  only  be  used  in  the  most  general  way,  to 
indicate  the  presence  of  some  rock  types  and  processes  at  some  depth  below  a  given 
volcanic  field. 

The  use  of  trace  element  patterns  measured  using  PIXE  and  the  Proton  Microprobe 
provides  a  partial  solution  to  this  problem,  enabling  the  temperatures  of  equilibration 
of  single  peridotitic  garnet  xenocrysts  to  be  estimated  using  a  combination  of  major- 
and  trace  element  data.  Given  the  equilibration  temperature  of  a  garnet  or  chromite,  its 
depth  of  origin  can  be  deduced  from  the  local  (paleo)geotherm.  However,  the 
application  of  this  method  has  been  limited  to  provinces  with  known  geotherms.  In 
order  to  make  more  effective  use  of  the  geochemical  information  content  of  heavy 
mineral  concentrates  from  the  many  kimberlites  and  lamproites  that  are  sampled  each 
year  during  diamond  exploration  programs,  it  is  necessary  to  be  able  to  construct  the 
local  (paleo)geotherm  directly  using  the  concentrates  alone.  Thus  a  measure  of  pressure 
for  a  single  concentrate  grain  is  needed.  We  now  report  the  development  of  a 
complimentary  barometer  for  Cr-pyrope  garnets,  based  on  the  coexistence  of  garnet  and 
chromite. 

The  trace  element  thermometers  have  been  calibrated  using  over  100  xenoliths  drawn 
from  (1)  the  kimberlites  of  the  Kaapvaal  Craton  of  South  Africa  and  the  Daldyn  Field  of 
Siberia,  representing  typical  cratonic  geo  therms;  (2)  alkali  basalts  from  Mongolia  and 
China,  and  alnoite  from  the  Solomon  Islands,  representing  very  elevated  geotherms; 
and  (3)  the  Zero  kimberlite  in  the  Kuruman  Province  and  minettes  from  the  Colorado 
Plateau,  representing  intermediate  geotherms.  Most  samples  were  analyzed  by  electron 
microprobe  in  our  laboratory;  those  showing  measurable  heterogeneity  in  one  or  more 
minerals  were  rejected.  A  further  selection  of  these  samples,  and  of  data  taken  from  the 
literature,  was  made  by  comparing  the  results  of  four  widely  accepted 
geothermometers  (ONW,  O'Neill  and  Wood,  1979, 1980;  FB87,  Finnerty  and  Boyd,  1987; 
Brey  and  Kohler,  1990;  and  Harley,  1984);  samples  were  included  in  the  data-set  only  if 
at  least  three  of  these  thermometers  agreed  within  10%  of  the  mean  value.  Pressures 
were  determined  using  the  barometers  of  MacGregor  (1974)  and  Brey  and  Kohler 

(1990),  which  showed  good  agreement  over  the  temperature  range  sampled  by  our 
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xenolith  database.  Development  of  the  geobarometer  required  chromite+garnet 
assemblages;  57  gamet+chromite-bearing  xenoliths  have  been  included  in  the  database. 
In  addition  to  the  xenoliths,  we  also  have  analyzed  a  large  number  of  chromite-garnet 
intergrowths  selected  from  coarse  concentrates  from  South  Africa  and  Siberia;  these 
were  used  for  recalibration  of  the  Zn  Thermometer.  Several  lherzolites  from  crustal 
garnet  peridotite  massifs,  and  garnet-olivine  intergrowths  from  the  Colorado  Plateau, 
were  added  to  the  calibration  set  for  the  Ni  Thermometer. 


The  Ni  Thermometer  is  based  on  an  empirical  calibration  of  the  partitioning  of  Ni 
between  coexisting  Cr-pyrope  garnet  and  olivine  in  mantle-derived  xenoliths  (Griffin  et 
al.  1989).  The  distribution  coefficient  DNignt/oiiv  is  strongly  temperature  dependent, 
varying  by  two  orders  of  magnitude  over  temperatures  encountered  in  the  lithosphere. 
The  variation  in  DNignt/oliv  is  almost  entirely  due  to  variation  in  the  Ni  content  of  the 
garnet;  the  Ni  content  of  garnet-peridotite  olivine  analyzed  in  our  laboratory  is 
essentially  constant  at  2900±360  ppm  (la).  This  allows  the  construction  of  a  single¬ 
mineral  thermometer,  based  on  Ni  in  Cr-pyrope  garnets,  and  the  assumption  that  each 
garnet  has  equilibrated  with  olivine  of  uniform  Ni  content. 


The  original  Ni  Thermometer  has  been  recalibrated  using  the  extended  xenolith 
database,  and  using  the  ONW  thermometer  in  order  to  extend  its  applicability  to  low- 
Ca  garnets  and  to  avoid  problems  with  the  FB87  thermometer  at  low  temperatures 
(Ryan  et  al,  1995).  The  new  calibration  becomes 


TNi  (°C)  = 


1000 

r.506_- 0T91n(ppm~NT)" 


273 


(1) 


with  a  mean  error  of  50  °C  between  TNi  and  ONW  temperatures.  Despite  the  broad 
range  of  P-T  conditions  and  composition  sampled  by  our  database,  no  discernible 
pressure  or  composition  effects  on  TNi  are  evident.  Compared  with  the  calibration  by 
Griffin  et  al.  (1989),  this  revision  lowers  the  estimated  temperatures  by  ~35  °C  at  low  T 
and  ~90  °C  at  high  T. 


Griffin  et  al.  (1994)  used  a  suite  of  garnet-chromite  pairs  from  xenoliths  and  coarse 
concentrates  to  demonstrate  that  the  Zn  content  of  peridotitic  spinels  is  inversely 
correlated  with  the  TNi  of  their  coexisting  garnet.  TNi  was  used  because  the  availability 
of  garnet-chromite  intergrowths  from  kimberlite  concentrates  greatly  expanded  the 
available  database  (n=103),  whereas  garnet+chromite-bearing  peridotite  xenoliths  are 
relatively  scarce.  This  Zn  Thermometer,  like  the  Ni  Thermometer  for  garnets,  is  based 
on  the  essentially  constant  composition  of  mantle  olivine;  the  mean  Zn  content  of 
mantle  olivine  is  52±14  ppm  (la).  Using  the  recalibration  of  TNi,  the  revised  Zn 
Thermometer  becomes  (Ryan  et  al.,  1995) 


Tzn  (°C) 


1000 

-0.904  +  0.264  ln"(ppm  Znj 


273 


(2) 


This  recalibration  lowers  TZn  by  ~30  °C  relative  to  the  original  version. 
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Pressure  is  calculated  from  garnet  composition  using  an  algorithm  that  combines  a 
modification  of  the  geobarometer  of  Nickel  (1989)  with  estimates  of  the  composition  of 
the  coexisting  orthopyroxene  (opx).  The  opx  composition  is  estimated  for  a  given 
temperature  and  pressure  by  inverting  the  geothermometers  of  Gasparik  (1987),  Brey 
and  Kohler  (1990)  and  Harley  (1984),  and  combining  these  with  empirical  relationships 
describing  Ca  in  opx  in  Ca-saturated  and  depleted  rocks  and  Cr  in  opx  coexisting  with 
chromite.  These  geothermometers  and  empirical  relations  are  weakly  pressure 
dependent,  necessitating  an  iterative  approach  in  order  to  converge  on  a  self-consistent 
pressure  estimate.  The  derived  pressure  (Pcr)  enables  the  estimation  of  the  equilibration 
pressure  of  peridotitic  garnets  provided  they  were  in  equilibrium  with  chromite,  and 
reproduces  xenolith-derived  pressures  to  within  ^3  kb. 

The  model  for  PCr  assumes  that  each  garnet  coexisted  with  chromite  to  buffer  Cr  in  the 
garnet.  In  general,  only  a  subset  of  garnet  xenocrysts  will  satisfy  this  assumption.  Only 
these  garnets  will  register  Pcr  estimates  that  approximate  the  equilibrium,  pressure; 
garnets  from  Cr-undersaturated  rocks  will  produce  underestimates  of  pressure. 
Therefore,  the  locus  of  maximum  PCr  at  a  given  TNi  defines  an  estimate  of  the  local 
geotherm  prevailing  at  the  time  of  eruption.  This  locus  is  referred  to  as  the  Garnet 
Geotherm,  and  provides  a  method  for  the  determination  of  (paleo)geotherms,  for  use  in 
diamond  exploration  and  mantle  mapping  (Griffin  et  al.,  1995),  based  solely  on  PIXE 
analyses  of  heavy-mineral  concentrate.  The  assumption  of  coexisting  chromite  can  be 
tested  by  comparing  the  temperature  distributions  of  garnets  (TNl)  and  chromites  (TZn) 
from  the  same  concentrate. 
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INVESTIGATION  OF  B1 -DEFECTS  IN  NATURAL  DIAMONDS  USING  DOUBLE¬ 
CRYSTAL  TECHNIQUE 
G.M.  Rylov(1)  and  |  E.V.  Sobolev^ 


(1)  United  Institute  of  Geology,  Geophysics  and  Mineralogy,  Novosibirsk,  630090,  Russia. 

(2)  Institute  of  Inorganic  Chemistry,  Novosibirsk,  630090,  Russia. 

The  information  on  B1 -defects  is  available  in  numerous  papers  on  spectroscopy  and  some 
X-ray  and  microprobe  results  including  the  review  book  edited  by  Field  (1992).  Nevertheless, 
a  lack  of  data  on  B1 -defects  still  takes  place. 

For  our  study  we  applied  a  high-resolution  double-crystal  X-ray  technique  (asymmetric 
51  l(Si)  -  monochromator,  MoKaj  -  radiation)  to  observe  a  diffusive  X-ray  scattering  (DXS) 
on  defects  near  the  Brcgg's  reflection,  the  value  of  half-width  (AO1/2),  diffraction  profile  and 
integral  intensity  (10  of  diffraction  rocking  curves  (DRC). 

The  natural  diamond  plates  of  0.7  mm  thick  were  prepared  with  mechanical  polishing.  The 
plates  were  studied  using  X-ray  transmission  topography  method.  None  dislocation  or  other 
visible  topographic  defects  were  found.  High  concentrations  of  B  1-centers  Qibi=1 175  cm"1) 
and  no  A,  C,  B2  centers  were  recorded  according  to  the  data  of  infra-red  absorption  spectra 
(bands  1282  cm"1,  1130  cm'1,  1370  cm"1,  respectively).  In  the  crystals  studied  the  nitrogen 
concentration  as  B1 -centers  was  defined  from  0.25 xlO20  to  3.7 xlO20  cm'3. 

The  investigation  provided  to  establish  the  relationship  between  the  nitrogen  concentration 
as  B1 -centers  and  features  of  DRC  reflexes  111,  220,  311,  400,  222.  All  the  diffraction 
curves  appeared  to  be  significantly  broadened,  their  integral  intensity  being  increased  (Fig. 
la).  The  diffraction  profiles  of  curves  is  close  to  Gauss’  law  distribution.  Such  effects  can 
prove  the  occurrence  of  dislocation  loops.  In  Fig.  2  the  linear  relationship  between  (AOm) 
and  nitrogen  concentration  (c,  cm"  )  as  Bl-centers  calculated  according  to  Cn(bi>=7.6x10  x 
fiBi,  where  jibi*  -  measured  absorption  coefficient  for  1175  cm"1  band.  In  the  plot  (Fig.  2)  the 
increase  of  the  concentration  of  B1 -defects  is  seen  to  results  in  the  increase  of  diffraction 
curve  width.  Simultaneously  f  grows  also.  Obviously,.  AOj/2  and  h  growth  takes  place  due  to 
DXS  at  the  local  defects  of  rather  big  radius  R  (Krivoglaz,  1983).  The  interpretation  the 
diffraction  profiles  of  reflection  using  the  technique  close  to  that  described  in  papers  of 
Pimentel  (1983,  etc.)  gives  the  dimension  of  dislocation  loops  from  230  to  1300  A  for 
different  samples.  This  agrees  well  with  direct  observations  under  electron  microscope 
(Sobolev,  1989).  On  the  other  hand,  the  high  concentration  of  minor  defects,  e.g.  A-type 
(CN(A)=2xl020cm"3),  does  not  result  in  significant  broadening  of  X-ray  peaks  (Fig.  IB).  For 
example,  AO1/2  of  reflection  220  is  20  times  less  than  for  the  samples  with  B1 -defects  under 
nearly  the  same  nitrogen  concentration. 

Thus,  experimental  results  prove  that  B1 -defects,  that  provide  the  1 175cm- 1  absorption 
band,  are  the  second  class  defects  according  to  Krivoglaz’s  classification  (1983),  i.e.  large 
dislocation  loops  (or  clusters). 

Field,  J.E.  (1992).  The  properties  of  natural  and  synthetic  diamond.  Academic  Press,  London, 
71  Op. 
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Krivoglaz,  M.A.  (1983).  Diffraction  of  X-ray  and  neutrons  in  non-ideal  crystals.  Naukova 
Dumka,  Kiev,  408p.  (in  Russian). 

Pimentel,  C.A.,  and  Brito  Filho  (1983).  Point  defect  aggregates  in  boron  doped  dislocation- 
free  Czochralski  silicon  crystals.  J.  of  Crystal  Growth,  62:129-140. 

Sobolev,  E.V.  (1989).  That  harder  than  diamond.  Nauka,  Novosibirsk,  190p.  (in  Russian). 
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Fig.  1.  Diffraction  curves  for  the  220  Laue-set  reflections  were  obtained  for  dislocation-free 
natural  diamond  crystals:  (a)  1.  Cn(B1)=0.25x102°  cm3;  2.  3.5x10  cm  ;  (b)  Cn(A)=2x10 


Fig.  2.  Relation  curve  for  a  half-width  of  diffraction  curve 
AOi/2  versus  nitrogen  concentration  as  B1  in  dislocation-free 
diamond  crystals. 
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PETROCHEMICAL  SERIES  OF  KIMBERLITE  ROCKS  OF  ARKHANGELSK  PROVINCE. 

Sablukov  S.M. 

Central  Research  Institute  of  Geological  Prospecting  (  TsNIGRI  ) 
Div.  Of  Diamonds  Geologi,  Warshavskoe  shosse,  129  b,  Moscow, 
113545,  Russia. 

Kimberlite  and  related  rocks  diatrems  are  located  in  4 
regions  of  the  North  of  Russian  platform:  on  Zimni  Bereg,  Onega 
peninsula,  Terski  Bereg  and  Middle  Timan.  In  each  region  volcanic 
rocks  will  form  in  a  different  measure  a  dif f erentiatic  series 
and  take  a  definite  part  of  a  uniform  range  of  rocks  with 
successive  strengthening  "basaltic"  properties  (decrease  of  Mg, 
Ni,  Cr,  increase  of  Al,  Fe,  Sc  ):  from  kimberlites  up  to 
melilitites  and  picrites.  A  beginning  of  this  arreu  -  in  the 
field  of  mantle  dunites  and  peridotites,  ending  -  in  the  field  of 
basalts . 
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Figure  1. 

Russian  platform. 

A  -  change  magnesion  ( MgO/sFeO+MgO , mas . % )  of  rocks;  B  -  modal 
composition  of  rocks  (vol.%);  C  -  volcanic  rocks:  of  Zimni  Bereg, 
1  -  Al-series,  2  -  Fe-Ti- series;  3  -  Onega  peninsula;  4  -  Terski 
Bereg;  5  -  Middle  Timan;  D  -  diamondf erous  (rel.un.). 

On  Zimni  Bereg  there  are  two  contrast  groups  of  kimberlite 
rocks:  1.  Aluminous  series  (kimberlites  -  kimmelilitites  - 
pyroxene-free  olivine  melilitites);  2.  Iron-titanium  series 
(kimberlites  -  kimpicrites  -  melilitic  picrites).  For  Al-series 
rocks  characteristically  very  low  contents  of  all  incoherent 
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elements,  presence  of  spinel  and  pyrope  ultrabasitic  nodules, 
prevalence  of  chrome-spinelid  and  absence  picroilmenite ;  for 
rocks  Fe-Ti-series  -  sharp  increase  of  incoherent  elements  (first 
of  all  Ti,  Ta,  Th,  Hf  ),  abundance  of  pyrope  and 

phlogopite-ilmenite  ultrabasitic  nodules,  ubiquitous  presence  of 
picroilmenite . 

On  Onega  peninsula  volcanic  rocks  (pyroxene-free  olivine 
melilitites  -  olivine  melilitites  -  melilitites)  are  extremely 
poor  in  incoherent  elements;  among  deep-seated  minerals  there  are 
only  chrome-spinelide  and  chrome-diopside . 

On  Terski  Bereg  are  advanced  the  rocks  of  a  range 
"kimberlites  -  pyroxene-free  olivine  melilitites  -  olivine 
melilitites  -  melilitites",  for  them  characteristically  the 
moderate  contents  of  incoherents  elements,  picroilmenite  is  not 
detected . 

On  Middle  Timan  the  kimberlite  rocks  (  kimberlites  - 
kimmelilitites  -  pyroxene-free  phlogopite-olivine  melilitites) 
are  characterized  by  the  moderate  contents  of  incoherent 
elements;  they  contain  the  nodules  of  spinel  and  pyrope 
ultrabasites,  chrome-spinel  and  picroilmenite  are  present  about 
in  equal  quantities. 

Kimberlite  rocks  of  two  series  of  a  Zimni  Bereg  will  form 
the  different  change  of  compositions  trends  in  ranges  on 
strengthening  of  "basaltic"  properties.  On  the  diagram  of 
A. A. Marakushev, 1984  (fig. 2)  trand  of  Al-series  rocks  coincides 
with  axial  part  of  the  areas  of  compositions  of  deep 
ilmenite-f ree  rocks:  spinel  and  pyrope  dunites,  peridotites  - 
pyroxenites  -  eclogites;  and  trend  of  Fe-Ti-series  kimberlite 
rocks  deviates  to  the  compositions  of  ilmenite  peridotites  and 
pyroxenites.  The  volcanic  rocks  of  Onega  peninsula  belong  to  the 
Al-series,  making  the  most  "basaltic"  part,  and  on  Terski  Bereg 
and  Middle  Timan  kimberlite  rocks  will  form  series  of  a 
intermediate  types  (  with  attributes  both  Al-  and  Fe-Ti-series). 

Conformity  of  a  peculiarity  of  mantle  nodules  and  of 
kimberlites  indicate  that  the  distinctions  between  series  of 
kimberlite  rocks  are  stimulated  by  features  of  initial  deep  rocks 
melting  of  the  mantle  substrate  (including  a  mantle 
metasomatism).  Geochemical  distinctions  are  displayed  in  features 
of  incoherent  elements  distribution  in  kimberlites  . 

The  distinctions  between  a  volcanic  rocks  inside  each  of 
series  are  stimulated  by  a  quantitative  ratio  in  them  of  relict 
of  initial  mantle  rocks  and  products  of  krystallisation  of  melt 
in  subvolcanic  conditions,  and  as  well  as  features  of 
differentiation  of  melt . Geochemical  distinctions  are  displayed  in 
features  of  distribution  of  coherent  elements  in  kimberlites 
The  rocks  of  F'e-Ti-series  of  Zimni  Bereg  are  close  to  a 
kimberlites  of  Jakutia  and  Group-1  of  Africa,  on  the  base  of 
mineral  composition  and  geochemical  characteristics.  The  rocks  of 
a  Al-series  will  form  independent  array  -  from  Group-2  of  Africa 
they  distinguish  sharply  by  the  lowered  contents  of  incoherent 
elements.  Australian  lamproites  differ  from  kimberlite  rocks  of 
both  series  of  the  North  Of  Russian  platform  by  the  sharply 
increased  contents  of  incoherent  elements  (especially  Zr,  Hf,  Th, 
Ba  )  and  by  ratio  of  a  iron  and  titanium. 

It  is  possible  to  allocate  three  contrast  series  of 
kimberlites  and  related  rocks:  aluminous,  iron-titanium  and 
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lamproitic.  In  some  regions  the  kimberlite  rocks  will  form  series 
of  a  intermediate  types.  A  beginning  of  trends  of  all  kimberlite 
rocks  series  -  in  the  area  of  mantle  dunites  and  peridotites. 


Figure  2.  Kimberlite  rock  composition  trends  (diagram  by 
Marakushev) . 

1  -  Deep  rock  inclusion  composition  areas  in  kimberlites:  spinel 
and  pyrope  dunite  and  peridotite  (1),  pyrope  pyroxenites  (2), 
eclogites  (3),  pyrope  dunites  and  peridotites  with  ilmenite  (4), 
phlogopite-ilmenite  peridotites  (5),  phlogopite-ilmenite 
pyroxenites  (6),  rutile  eclogites  (7);  2  -  kimberlite  rock  trends 
of  Zimni  Bereg  (Z),  Onega  peninsula  (0),  Terski  Bereg  (T),  Middle 
Timan  (M);  3  -  volcanic  rock  trends:  Al-series  kimberlite  (Al), 
Fe-Ti-series  kimberlite  (Fe-Ti),  lamproite  (La)  (Jaques  and 
others , 1986 ) . 


Figure  3.  Kimberlite  rocks 
composition  trend  with  the 
coordinates  Ta-Sc  (ppm.  ). 

Conditional  signes 
on  fig. 2. 


Marakushev  A. A.  Peridotite  nodules  in  kimberlites  and  basalts  as 
a  sign  of  lithosphere  deep  structure.  27  IGC,  petrology, 
reports,  vol . 9 , Moscow,  Nauka,  1984,  p.155. 

Jaques  A.L.,  Levis  J.D.,  Smith  C.B.  The  kimberlites  and 

lamproites  of  Western  Australia,  Perth,  1986,  268  pp . 
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MANTLE  NODULES  IN  KIMBERLITE  ROCKS  OF  ARKHANGELSK. 


Sablukova  L . I . 

Central  Research  Institute  of  Geological  Prospecting  (TsNIGRI) 
Div.  of  Diamonds  Geologi,  Warshavskoe  shosse,  129b,  Moscow, 
113545,  Russia. 

In  Zimni  Bereg  area  there  are  basalts  and  the  kimberlite 
rocks  of  the  two  series:  Al-series  includes  kimberlites  and 
melilitites;  Fe-Ti-series  comprises  kimberlites  and  picrites 
(Sablukov, 1990 ) .  Mantle  nodules  are  occur  in  kimberlite  rocks  of 
both  series  and  only  isolated  grains  of  deep-seated  minerals  -  in 
melilitites  and  picrites.  Is  investigated  about  3000  inclusions 
of  mantle  rocks.  Their  abundanse  in  kimberlites  is  on  the 
averange  1-2  pieces/10  metre  of  the  drill-hole  core.  Xenoliths 
are  usually  strongly  changed  -  serpent inisat ion ,  saponitisation . 

Ultrabasic  nodules  of  the  Mg-Al  series  (according  to 
Marakushev, 1984 )  are  represented  by  a  spinel  peridotites  (facies 
"B" ),  garnetized  spinel  peridotites  (subfacies  "Cl"), 
chrome-spinel  and  pyrope  peridotites  (subfacies  "C2" ), 
chrome-spinel  and  pyrope  dunites  (sub-facies  ,,C3,‘ ,  facies  "D" ). 
Depth  facies  are  given  according  to  Sobolev, 1975 .  There  are  rare 
amphibole  and  phlogopite  peridotites,  glimmerites.  Rocks  with 
hypidiomorphic  textures  prevail.  Nodules  with  typical  sheared 
texture  are  rare.  Mantle  metasomatism  -  amphibolizat ion  and 
phlogopit izat ion  are  vividly  manifestated  in  the  xenoliths  of 
facies  "B" ,  ”C1“  and  "Q2"  . 

Ultrabasic  nodules  of  the  Fe-Ti  series  are  represented  by 
ilmenite  and  phlogopite-ilmenite  lherzolites  and  websterites,  as 
well  as  pyrope-ilmenite  peridotites.  A  texture  of  rocks  is 
usually  hypidiomoirphic  up  to  sideronitic.  Sheared  nodules  with 
recrystallized  olivine  and  ilmenite  occur  sometimes. 

Basic  inclusions  are  submitted  by  f erro-magnesium  eclogites, 
eclogite-like  rocks  and  granulites. 

The  most  interesting  among  megacrysts  are  the  large  \up  to 
2.5  cm)  allocation  of  phlogopite,  having  polysynthetic  three  - 
directional  twinning. 

There  are  zones  of  partial  fusion  having  hyaline  aggregate 
form,  oval  amygdales,  neogenic  grains  of  olivine,  clinopyroxene 
and  chrome-spinels  in  most  of  the  nodule  types. 

The  kimberlite  composition  is  in  perfect  correlation  with  a 
set  of  mantle  nodule  types  (fig.l).  It  enables  to  do  a  rough 
mantle  rocks  mapping  and  distinguish  two  types  of  the  mantle 
substrate  development  areas:  1.  depleted  type  -  Al-kimber lite 
series  development  area;  2.  enriched  type  -  Fe-Ti-kimber lite 
series  development  area. 

1.  DEPLETED  type.  Mantle  set  is  very  limited  but  they  have 
purely  olivine  (actually  dunite)  composition  with  clinopyroxene, 
orthopyroxene,  chrome-spinel  and  pyrope  in  minor  or  acsessory 
contents.  Hyperbasites  are  represented  by  a  complete  rock  set 
corresponding  to  the  hypogene  facies:  from  the  diamond-pyrope  to 
spinel-pyroxene.  All  these  rocks  are  ilmenite-f ree .  Spinel  types 
predominante  and  pyrope  types  are  subordinate.  Rocks  with  a 
typical  porphyroblastic  texture  occur  very  seldom.  Mantle 
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metasomatism  is  vividly  manifested  ( amphibolizat ion  and 
phlogopit ization ) .  Basites  are  poorly  represented  and  almost  only 
by  eclogite- 1 ike  rocks,  whilst  typical  eclogites  are  rare. 

2.  ENRICHED  type.  Mantle  nodules  set  is  very  wide.  It 
ilmenite-f ree  hyperbasites  wich  comprise  almost  pure  pyrope 
varieties  corresponding  the  deepest  part  of  the  set:  from 
diamond-pyrope  to  graphite-pyrope ,  which  is  often  amphibolised . 
Unlike  the  1-st  type  rocks,  wide  represented  ilmenitic  varieties 
-  modal  ilmenitic  and  pyrope-i Imenit ic  peridotites,  pyroxenites 
and  eclogites.  Eclogite-like  rocks  and  granulites  are  abundant. 

Areal  distribution  of  the  two  rock  types  is  regular  and 
shows  central  symmetry  elements  central  part  of  the  area  has 
enriched  type,  and  periphery  -  depleted  type  (fig. 2). 


7 

'o 


Figure  1.  Mantle  nodules  distribution  in  kimberlites  Al-  (A)  and 
Fe-Ti  (B)  series  of  the  Zimni  Bereg.  1  -  olivinites,  2-9 
ultrabasites  of  the  Mg-Al-ser ies :  3  -  spinel  -pyroxene  facies, 
4-5  -  grospydite  subfacies,  6-7  -  coesite  subfacies,  8-9  - 
diamond-pyrope  facies,  10  -  garnetized  orthopyroxenites ;  11-12  - 
Fe-Ti-series  ultrabasites:  11-ilmenitic  rocks, 
12-pyrope-ilmenitic  rocks;  basic  rocks:  13  -  eclogites,  14  - 
eclogite-like  rocks  and  granulites.  The  shaded  columns  stand  for 
the  pyrope  type  of  ultrabasutes . 

Figure  2.  Deep  substratum  type  distribution  within  the  area  of 
the  Zimni  Bereg.  1  -  Al-series  kimberlite  rocks,  2  - 
Fe-Ti-series  kimberlite  rocks,  3  -  basalts,  4  --  enriched  mantle 
substratum,  5  -  depleted  mantle  substratum. 
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The  preliminary  quantiative  estimation  of  the  T-P  parameters 
was  conducted  for  nodules  of  Zolotitsa  field  -  spinel  and  pyrope 
peridotites.  Interval  of  received  temperatures  800-1200°  C, 
pressure  -  17-53  kbar .  The  line  of  dependence  temperature  and 
pressure  for  these  samples  has  a  characteristic  "inflexion",  wich 
fixes  sharp  shift  of  conditions  of  deep  minerals  formation  on  a 
border  of  coesitic  ("C3" )  and  grospyditic  ("C2")  facies  of  depth. 
Study  of  chemical  composition  of  minerals  of  the  mantle  nodules 
has  shown,  that  for  all  minerals  (01,  Cpx,  Opx,  Pyr,  Sp)  exists  a 
characteristic  "inflexion".  Trend  of  change  of  their  composition 
at  transition  from  coesitic  to  grospyditic  subfacies  of  depth 
(fig. 3). 


Na*  Cr5* 


1 -  2 - 3 - 

Figure  3.  Alteration  compositions  trend  of  the  minerals  in  the 
kimberlites  of  Zimni  Bereg.  Ultrabasitic  nodules  Mg-Al-series :  1 
-  coesite  subfacies,  2  -  grospydite,  spinel-pyrope  subfacies  and 
spinel-pyroxene  facies;  3  -  second  generation  chrome-spinelides 
from  kimberlite  matrix. 

Marakushev  A. A.  (1984)  Peridotite  nodules  in  kimberlites  and 
basalts  as  a  sing  of  litosphere  deep  structure.  27  IGC, 
Petrology,  Reports,  Vol.9,  Moscow,  Nauka,p.l55  (in  russian). 
Sablukov  S.M.  (1990)  Petrochimical  series  of  kimberlite  roks. 

Proceedings  of  the  USSR  Academy  of  Scieces,  Vol.  313,  N  4, 
pp.  935-939  (in  russian). 

Sobolev  V.S.,  Dobretsov  N.L.and  Sobolev  N.V.  (1985)  Deep 

xenoliths  and  upper  mantle.  Novosibirsk,  Nauka,  p.251  (in 
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LITHOSPHERE  EVOLUTION  IN  THE  ARCHANGELSK  KIMBERLITE  PROVINCE 


Sablukovl,  L„  Sablukovl,  S„  Griffin2  W.L.,  O'Reilly3,  S.Y.,  Ryan2,  C.G.,  Win2,  T.T., 
Grib4,  V. 

1.  TsNIGRI,  Warshavskoje  sh.  1298,  Moscow  113545,  Russia 

2.  CSIRO  Div.  of  Exploration  and  Mining,  Box  136,  North  Ryde,  NSW  2113,  Australia 

3.  School  of  Earth  Sciences,  Macquarie  University,  Sydney,  NSW  2109,  Australia 

4.  Archangelsk  Geological  Enterprise,  Leningrad,  Russia 

Major-  and  trace-element  compositions  of  diamond  indicator  minerals  (satellite 
minerals)  from  kimberlites  have  been  used  to  map  lateral  and  vertical  variations  in  the 
composition  and  thermal  state  of  the  mantle  beneath  the  Zimni  Bereg  area  of  the  Archangelsk 
kimberlite  province.  The  study  includes  the  diamondiferous  kimberlites  of  the  Al-series  in  the 
Zolotitsa  Field,  and  the  diamond-poor  to  barren  kimberlites  of  the  Fe-Ti  series  in  the  Pachuga 
field  and  the  An-734  group,  ca.  50  km  to  the  east. 

Major  element  compositions  have  been  determined  by  EMP,  and  trace  elements  by 
proton  microprobe;  ca.1000  grains  of  Cr-pyrope  garnet  and  300  grains  of  chromite  from  12 
kimberlites  have  been  analysed.  Temperatures  have  been  estimated  for  each  garnet  grain, 
using  the  empirical  Nickel  Thermometer  (TnO  and  for  each  chromite,  using  the  Zinc 
Thermometer  (Tzn)  (Griffin  et  al.,  1994;  Griffin  and  Ryan,  1995;  Ryan  et  al.,  1995).  Garnet 
Geotherms  (Ryan  et  al.,  1995;  this  conference)  have  been  determined  for  each  area;  individual 
grains  of  garnet  and  chromite  have  then  been  placed  in  stratigraphic  context  by  referring  Tni 
and  Tzn  to  the  relevant  local  paleogeotherm. 

The  two  areas  show  striking  differences  in  geotherm  and  lithospheric  structure  at  the 
time  of  kimberlite  intrusion  (mid-Paleozoic).  The  mantle  beneath  the  Zolotitsa  field  had  a 
relatively  cool  paleogeotherm,  lying  near  a  37  mW/m^  conductive  model  between  800- 
1 100°C.  In  contrast,  the  mantle  sampled  by  the  Fe-Al  kimberlites  had  a  geotherm  significantly 
steeper  than  a  conductive  model.  The  base  of  the  lithosphere,  as  defined  by  the  maximum 
depth  of  Y-depleted  garnets  (Ryan  et  al.,  1995),  lay  at  -180  km  depth  beneath  both  areas,  but 
the  temperature  at  this  depth  was  <1 100°C  beneath  the  Zolotitsa  field  and  ~1300°C  beneath  the 
areas  intruded  by  Fe-Ti  kimberlites. 

There  are  also  marked  differences  in  the  extent  of  metasomatic  processes  beneath  the 
two  areas.  The  lithosphere  beneath  the  Zolotitsa  field  is  relatively  depleted;  phlogopite-related 
metasomatism  is  prominent  at  depths  of  125-150  km,  affecting  up  to  50%  of  the  volume,  but 
melt-related  metasomatism  is  minor  and  essentially  restricted  to  depths  >160  km.  Beneath  the 
areas  intruded  by  Fe-Ti  kimberlites,  depleted  garnets  make  up  <30%  of  the  total,  and  melt- 
related  metasomatism  affects  >50%  of  the  mantle  volume  over  the  entire  depth  range  sampled. 

The  abundance  of  subcalcic  harzburgitic  ("G10")  garnets  is  similar  in  the  diamond-rich 
kimberlites  of  the  Zolotitsa  field  and  in  some  low-grade  to  barren  kimberlites  of  the  Fe-Ti 
series.  This  reflects  the  similar  abundance  (<30%)  and  stratigraphic  distribution  of 
harzburgite,  which  extends  over  depths  of  130-180  km  beneath  both  areas.  The  differences  in 
diamond  grade  between  the  two  kimberlite  series  reflect  both  metasomatism  and  the  thermal 
structure  of  the  lithosphere.  Beneath  the  Zolotitsa  field,  the  diamond  stability  field  in  the 
lithosphere  extends  from  130-180  km,  a  depth  range  that  encompasses  most  of  the 
harzburgitic  rocks.  Beneath  the  Fe-Ti  kimberlite  fields,  the  diamond  stability  field  extends 
only  from  ca  150-180  km,  and  many  of  the  harzburgitic  rocks  lie  in  the  graphite  stability  field. 
Equally  importantly,  the  lithosphere  beneath  the  Fe-Ti  kimberlite  fields  has  been  strongly 
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affected  by  asthenospheric,  presumably  oxidising,  metasomatism.  Empirical  evidence  from 
many  kimberlite  fields  worldwide  indicates  that  this  style  of  metasomatism  is  destructive  to 
diamonds. 

The  thinning,  heating  and  metasomatism  of  the  lithosphere  beneath  the  Fe-Ti  kimberlite 
fields  is  attributed  to  the  intrusion  of  asthenosphere-derived  magmas;  this  intrusion  may  be 
responsible  for  some  of  the  major  domal  structure  associated  with  the  Archangelsk  kimberlite 
province  (Kaminsky  et  al.  1995).  The  heat  input  from  these  magmas  resulted  in  a  progressive 
steepening  of  the  geotherm  with  depth,  indicating  that  heat  transport  was  at  least  partly  non- 
conductive. 

Chromites  are  moderately  abundant  in  the  kimberlites  of  the  Zolotitsa  field,  where  they 
occur  to  depths  of  -160  km,  but  are  absent  in  most  of  the  Fe-Ti  series  kimberlites.  The 
similarities  in  the  rock  types  and  stratigraphy  beneath  the  two  areas,  derived  from  the  analysis 
of  garnet  concentrates,  suggest  that  chromite  originally  was  present  in  the  rocks  beneath  both 
areas.  Its  rarity  in  the  Fe-Ti  series  kimberlites  therefore  is  ascribed  to  the  effects  of  the  intense 
metasomatism  of  the  lithosphere.  The  Solokha  kimberlite  of  the  Pachuga  field  contains  a 
range  of  chromites  with  moderate  to  high  Cr  contents,  but  low  Mg  and  high  Ti.  They  show  a 
wide  range  of  Tzn  which  is  not  reflected  in  the  Twi  distribution  of  the  garnets  from  the  same 
kimberlite,  and  these  chromites  are  interpreted  as  largely  a  magmatic  population. 

High-Mg,  Cr  ilmenites  are  abundant  in  the  concentrates  from  the  kimberlites  of  the  Fe- 
Ti  series.  Although  their  compositions  normally  would  be  regarded  as  favourable  for 
diamond  preservation,  they  occur  in  barren  or  very  low-grade  kimberlites.  These  ilmenite 
suites  show  good  magmatic  fractionation  trends  (cf.  Griffin  et  al.,  this  conf.),  and  probably 
are  related  to  the  asthenospheric  melts  that  caused  the  metasomatism  of  the  mantle  and  the 
elevated  geotherm.  The  presence  of  these  ilmenites,  and  of  strongly  metasomatised  peridotite, 
in  the  finely  comminuted  mantle  material  of  the  kimberlite,  may  account  for  the  distinctive 
high-Fe,Ti  nature  of  the  kimberlites  of  the  Pachuga  and  An-734  kimberlites. 

The  traditional  use  of  "G10"  garnets,  chromites  and  picroilmenites  to  evaluate  diamond 
prospectivity  can  give  misleading  results  in  this  region,  but  the  methods  described  here 
(Griffin  and  Ryan,  1995),  based  on  both  major-  and  trace-element  data,  appear  to  give  a 
reliable  basis  for  prioritisation  of  exploration  targets  and  for  recognition  of  potentially 
diamondiferous  kimberlite  fields,  both  in  this  area  and  in  other  regions  of  the  Baltic  Shield. 
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ZONING  OF  KIMBERLITE  PROVINCES  AND  EVOLUTION  OF 
KIMBERLITE  MAGMATISM 


Safronov  A.F. 

Yakutian  Institute  of  Geosciences,  Yakutsk,  Russia,  677892. 

Zoning  is  a  fundamental  feature  of  kimberlite  provinces  (Kaminsky,  1972; 
Milashev,  1974).  In  the  best  studied  South-African  and  Yakutian  provinces,  it  manifests  in 
a  trend-wise  variation  of  a  range  of  parameters,  permitting  us  to  distinguish  two  types  of 
subprovinces: 

-  intracontinental  ones; 

-  those  of  marginal  parts  of  platforms. 

The  subprovinces  have  the  following  distinctive  features: 

1 .  Intracontinental  subprovinces: 

-  contain  only  classic  kimberlites  which  compose  pipes  and  dykes,  including 
primary  diamondiferous  deposits; 

-  the  upper  mantle  material  of  the  kimberlites  is  a  relatively  "cool",  "depleted" 
and  differentiated  substance,  including  diamondiferous  rocks  and  minerals  of  diamond 
paragenesis; 

-  only  "classic"  kimberlites  are  known  in  them. 

2.  Subprovinces  of  marginal  parts  of  platforms  (passive  continental  margins): 

-  contain  sterile  or  poorly  diamondiferous  kimberlites,  as  well  as 
diamondiferous  placers  of  different  ages,  even  older  than  kimberlites; 

-  the  upper  mantle  material  of  the  kimberlites  is  a  relatively  "warmed-up"  and 
less  differentiated  matter; 

-  widely  distributed,  along  with  the  so-called  "classic"  kimberlites,  are 
kimberlitoides  or  "molnoites"; 

-  in  addition  to  kimberlites  similar  in  age  to  the  intracontinental  ones,  there  are 
younger  kimberlites,  poorer  in  both  diamonds  and  minerals  of  diamond  association 
(Pokhilenko  et  al.,  1990). 

Comparison  of  the  subprovinces  of  the  two  types  suggests  that  the  zoned  structure 
of  the  kimberlite  provinces  is  a  reflection  of  the  following  phases  of  evolution  of  kimberlite 
magmatism  in  space  and  time: 

(i)  Initiation  of  kimberlite  magmatism  at  the  expense  of  the  "cool",  "depleted"  and 
differentiated  upper  mantle  results  in  the  emplacement  of  "classic"  kimberlites. 

(ii)  Subsequent  igneous  activity  is  related  to  recurrent 

tectonothermal  events  that  cause  warming-up  and  secondary  enrichment  of  upper 
mantle  material  and  resorption  of  diamonds.  Kimberlites  turn  poorly  diamondiferous  and 
non-diamondiferous;  molnoites  are  emplaced  in  close  spatial  and  temporal  association 
with  the  kimberlites. 

(iii)  This  phase  is  probably  related  to  destruction  of  the  continental  lithosphere, 
formation  of  the  oceanic  lithosphere,  and  opening  of  sea  basins.  As  a  result,  kimberlite 
provinces  acquire  the  above  mentioned  zoned  structure,  with  spatially  associated 
diamondiferous  placers  forming  in  marginal  parts  of  platforms  from  erosion  of  older, 
diamondiferous  kimberlites  and  "molnoites". 

Such  a  scenario  of  kimberlite  magmatism  lends  explanation  for  a  wide 
distribution  of  diamondiferous  placers  in  passive  continental  margins  or  marginal  parts  of 
platforms,  in  areas  of  non-diamondiferous  kimberlites  and  rocks  convergent  with 
kimberlites  (South  West  Africa,  South  Brazil,  East  Australia,  Borneo,  North  Yakutia). 
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HIGH-POTASSIC  MANTLE  MAGMATISM  AND  THE  PROBLEMS  OF 
DIAMOND-BEARING  IN  THE  IRKUTSK  PRISAYANYE  AREA 


Sekerin,  A.P.,  Menshagin,  Yu.V.,  Lashenov,  V.A. 

Institute  of  the  Earth  Crust,  Irkutsk,  664033,  Russia 

The  new  Prisayanskaya  province  of  high-potassic  alkaline  rocks  and  lamproites 
has  been  recognized  based  on  the  studies  of  bulk  composition  and  localization  conditions 
of  the  mantle  magmatism  products  from  the  south-western  margin  of  the  Siberian 
platform.  The  province  combines  a  series  of  mantle  magmatites  of  various  ages  in  the 
range  of  the  Uriksko-Tumanshetskaya  intercratonic  mobile  zone.  The  later  deposited  in 
the  Early  Proterozoic  between  the  Archean  Birusinskaya  block  and  the  craton  of  the 
Irkutsk  amphiteatre  has  gone  through  a  set  of  stages:  geosinclinal  (the  Late  Proterozoic), 
orogenic  (the  Early  Riphean-half  of  the  Middle  Riphean),  protoplatform  (the  end  of  the 
Middle  Riphean-Vendian),  and  platform  beginning  from  the  Cambrian. 

High-potassic  mantle  rocks  show  up  at  all  stages  but  geosinclinal  the  orogenic 
stage  is  associated  with  the  formation  of  vein  bodied  of  phlogopite-olivine  lamproites 
from  the  Ingashinskoe  field  (1 268±1 2  Ma,  the  Rb-Sr  isochrone).  Their  mineral  association 
is  presented  by  olivine  (10-13%  Fa),  orthopyroxene  (6.5%  AI2O3,  1.1%  Cr203),  chromous 
diopside-augite  (to  2%  Cr203  and  Na20),  chrome-diopside  (about  4%  Cr203  and  3% 
Na2<3),  almandine-pyrope  of  eclogitic  and  chrome-calcic  pyrope  of  lherzolitic 
paragenesises,  phlogopite  (6.5%  TiC>2),  potassic  magnesioarfvedsonite,  titanium- 
containing  pargasite,  chrome-spinelides,  titanomagnetite,  magnetite,  ilmenite  (about  4% 
MnO),  zircons,  moissanite,  priderite,  armalcolite,  diamond,  native  iron,  graphite. 
Lamproites  are  similar  to  those  from  the  Argail  pipe  according  to  petrochemical 
properties  and  concentration  of  admixture  elements.  Among  the  mantle  inclusions 
hyperbasites  and  eclogitic  gabbroids  are  found  in  them. 

At  the  protoplatform  stage  in  the  Upper  Riphean  explosive  alkaline  magmatism 
manifested  with  the  composition  corresponding  to  high-potassic  trachytes.  Fragments  of 
their  paleovolcanic  structures  are  composed  of  ash  tuffs,  tuffites,  tuff  aleuralites,  welded 
tuffs  of  trachytic  porphyrites  and  eruptive  breccias.  The  rocks  are  slightly  undersaturated 
with  silitic  acid  and  contain  to  3%  of  normative  leucite,  10%  olivine,  5%  orthopyroxene. 
According  to  petro-  and  geochemical  properties  they  can  be  related  to  sanidine  lamproites 
from  the  Talakhtakhskaya  diatreme  of  the  Anabarsky  shield.  Of  the  accessory  minerals 
zircons,  tourmaline,  apatite,  moissonite,  rutile,  anatase,  almandine,  magnetite,  ilmenite, 
chrome-spinelides,  native-iron,  graphite  were  determined. 

In  the  Vendian,  dyke  bodies  and  diatremes  of  micaceous  picritic  porphyrites, 
alnoits,  olivine  melilitites,  which  have  predominated  potassium  composition  were  formed 
at  the  central  type  massif  foundation  of  the  alkaline-ultrabasic  rocks.  They  were  found  to 
contain  perovskite,  apatite,  magnetite,  sphene,  ilmenite,  zircone,  baddeleyite,  monazite, 
moissanite,  chrome-diopside,  pyrope-almandine  and  sylphides  as  accessory  minerals.  The 
mantle  inclusions  presented  by  dunites,  harzburgites,  micaceous  peridotites  and 
pyroxenites,  schriesheimites,  hornblendites  were  found  in  one  of  the  volcanic  pipe. 

The  platform  stage  in  the  Devonian  is  characterized  by  the  formation  of  hypabissal 
layered  bodies  and  diatremes  of  the  lamproites-like  rocks  of  the  basic  composition  which 
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is  little  different  from  potassic  basaltoides  and  similar  to  lamproites  for  a  member  of 
parameters.  A  wide  variety  of  garnets  were  defined  as  accessory  minerals  in  lamproites- 
like  rocks  including  almandine-pyropes  of  eclogitic  and  chrome-calcic  pyropes  of 
lherzolitic  paragenesises,  chrome-diopsides,  amphiboles,  sanidine,  aegirine,  tourmaline, 
disthen,  apatite,  sphene,  corundium,  zircones,  magnetite,  rutile,  ilmenite,  chrome- 
sphinelides,  monazite,  moissanite,  gubnerite,  sphalerite,  fluorite,  and  native  iron,  zinc,  and 
copper. 

Phlogopite-olivine  lamproites  and  lamproites-like  rocks  are  the  most  interesting 
among  high-potassic  mantle  rocks  from  the  mobile  zone  in  respect  of  the  diamond 
content.  The  diamonds  were  discovered  in  the  former  rocks.  The  heawy  fraction  minerals 
analysis  of  diamond-bearing  places  known  in  the  region  indicated  the  presence  of  minerals 
of  the  lamproites-like  rocks.  Compositions  of  mantle  xenogenic  minerals  of  diamond¬ 
bearing  lamproites  from  the  Ingashinskoe  field  and  those  of  the  lamproites-like  rocks  are 
very  close  indicating  they  were  drained  by  parent  magmas  from  common  levels.  The 
available  data  imply  the  relation  between  the  alluvial  diamond  content  in  the  south¬ 
western  margin  of  the  Siberian  platform  and  the  lamproites-like  sources. 

This  work  was  supported  by  the  Russian  Foundation  for  Fundamental  Researches 
under  grant  93-05-9236. 
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PREDICTION  OF  KIMBERLITE  PROVINCES,  FIELDS,  BODIES  FROM  THE  CHEMICAL 
COMPOSITION  OF  PICROILMENITES 

Selivanova.V.V. 

State  Research-production  enterprise  ’’Aerogeologia”,  Space-aero-geological  expedition  N 
3,  Moscow,  117292,  RUSSIA 

The  distinctive  features  of  coposition  of  ilmenites  of  all  kimberlite  pipes  (dikes)  have 
been  revealed  from  the  relations  between  MgO  and  Ti02  contents,  the  kimberlites  of  the 
Kuoika  field  were  used  as  standard  ones.  These  features  do  not  depend  on  the  position  of 
the  pipe  (dike)  about  other  kimberlite  bodies  (bodies  are  in  the  same  bunch,  they  are  in 
different  bunches  are  close  together,  they  are  far  removed,  pipes  are  located  along  the  same 
line).  That  is  reflected  in  displacements  of  composition  fields  of  ilmenites  on  the  Mg0-Ti02 
diagrams.  The  overlap  of  composition  fields  is  variable  from  5-10%  to  80%.  Displacements 
may  be  both  parallel  ones  (the  long  axes  of  the  composition  fields  are  parallel)  and  those 
ones  with  changes  in  the  direction  of  the  long  axes. 

One  can  use  emerged  regularity  for  prediction  and  prospecting  of  kimberlites  both  in 
well-known  kimberlite  provinces  where  kimberlites  are  overlain  by  present  deposits  or  traps 
and  in  poorly  known  regions  by  comparison  the  composition  fields  of  ilmenites  from  different 
streams  sites  (more  than  50  grains). 

The  prediction  of  a  new  kimberlite  province  in  the  Low-Lena  diamond-bearing  area  is 
considered  as  an  example.  The  composition  of  picroilmenites  from  Middle  and  Upper  Triassic 
collectors  consisting  of  nearshore  deposits  have  been  examined  over  the  area  of  60x60km. 

On  the  basis  of  Cr203  contents  in  ilmenites  the  whole  area  has  been  divided  into  two 
mineralogical  zones:  the  Tuorasis  and  Kharaulakh,  associate  minerals  of  diamond  were 
transported  to  these  zones  from  different  kimberlite  bodies. Such  dividing  conforms  with  the 
set  of  associate  minerals,  their  relations  and  morphologic  features  of  indicator  minerals  of 
kimberlites.  A  near-transport  area  has  been  revealed  because  there  are  intact  minerals  in  the 
Upper  Triassis  collector  in  the  Tuorasis  zone  where  90%  of  the  ilmenite  grains  contain  1-6% 
of  0203. 

The  Kharaulakh  zone  is  characterized  by  low  contents  of  0203  in  ilmenites  (<1%)  both 
in  the  Middle  Triassic  collector  and  in  the  Upper  Triassic  one  located  25  m  higher  in  the 
section.  Near-transport  areas  have  been  revealed  in  the  Middle  Triassic  collector  only,  there 
are  two  of  them.  The  assumption  that  there  are  two  kimberlite  bodies  within  the  zone  is 
supported  by  the  distinctions  between  the  diagrams  of  relations  of  Fe203  and  Ti02  in 
ilmenites  from  these  two  areas,  the  overlap  is  0-1%. 

The  associate  minerals  from  the  Middle  Triassic  collector  have  been  redeposited  into  the 
Upper  Triassic  one  as  evidenced  by  the  composition  similarity  of  picroilmenites  as  to  0203 
contents,  higher  degree  of  roundness  of  indicator  minerals  of  kimberlite,  the  absence  of 
grains  with  secondary  formations  (kelyphite  borders,  leucoxene  covers),  accrete  minerals, 
pyrops  and  chrome-diop$ides  with  mineral  inclusions  which  are  characteristic  of  near¬ 
transport  areas  of  the  Middle  Triassic  collector. 

The  distinctive  feature  of  these  zones  is  that  the  collectors  of  the  Kharaulakh  zone 
contain  magnetic  ilmenites  and  those  of  the  Tuorasis  zone  chrome-magnetites.  This 
property  along  with  the  composition  similarity  of  ilmenites  of  these  two  zones  distinguishes 
the  Low-Lena  area  from  nearly  northern  kimberlite  fields  and  allows  the  prediction  of  a  new 
diamond-bearing  kimberlite  province  there. 

The  distinctive  features  of  the  composition  of  ilmenites  of  all  kimberlite  bodies  and  the 
inherited  composition  similarity  of  ilmenites  redeposited  from  the  older  collector  into  the 
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younger  one  were  used  for  prediction  a  new  kimberlite  fields  in  one  of  the  regions  of  the 
north-west  frame  of  the  Vilyui  syneclise  where  the  Mesozoic  sedimentary  cover  is  widely 
developed  (the  river  basins  of  Muna,  Khakhchan,  Tung,  Kulenke,  Linde).  Ilmenites  of 
Quaternary  alluvial  deposits  (22  samples)  from  different  sites  of  the  area  of  49  000  km2  have 
been  examined. 

Seven  areas  with  the  definite  composition  similarity  of  picroilmenites  have  been  revealed. 
These  areas  coincide  with  those  which  are  characterized  by  associate  minerals  of  i-ll  degrees 
of  intactness  and  other  features  of  kimberlite  minerals:  the  set  of  minerals,  their  quantitative 
relations,  the  occurrence  of  kimberlite  grains  with  the  aggregate  or  monolithic  structure, 
green  pyrope-grossulars  of  the  eclogite  genesis,  chrome— almandines  and  high-chrome 
magnetic  picroilmenites. 

Picroilmenites  from  the  revealed  areas  have  different  composition  fields,  they  differ  in 
relations  between  Mgo  and  Ti02  and  between  Fe203  and  Ti02.  They  also  differ  in  these 
relations  from  picroilmenites  of  well  known  kimberlite  regions.  That  gives  grounds  to  predict 
within  the  area  under  consideration  new  fields:  Tung-Linde,  Low-Kulenke,  Low-Muna. 
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SOUTH  KAZAKHSTAN  DIAMONDS 


K.V.Seliverstov,  N.N.Treschin,  A.V.Avdeyev,  K.A.Azbel, 

R.R. Ivlev,  S.G.Kameristova,  A.Ph.Kovalevski, Ye. P Mamonov. 

Exploration-surveying  Expedition  (ESE). 

26  Yemtsov  st.,  Almaty,  Kazakhstan,  2480061 

ESE  carries  out  exploration  for  jem  diamond  deposits  in  Sou¬ 
thern  Kazakhstan  beginning  in  1990.  All  diamond-bearing  objects 
known  till  now  have  been  investigated  and  all  the  information 
about  diamond  presence  within  them  had  been  checked  thoroughly. 
So  now  the  diamondiferousness  of  the  Chu-lli  and  Sarykamys  pros¬ 
pects  is  proved  absolutely. 

Chu-lli  diamond  occurrence  is  located  at  44°50’-45°N  and  72°- 
73°E.  In  1949-1953  N.P. Mikhailov  et  al  had  discovered  within  Ceno- 
zoic  fluvial  sediments  2  crystal  fragments  and  3  diamond  crystals 
as  octahedra  up  to  0.821  carat  colorless  transparent,  of  jem  qua¬ 
lity.  ESE  had  delineated  the  diamondiferous  sediments  on  the  total 
area  of  250km2.  Now  recovered  diamonds  are  of  different  character, 
they  are  colorless,  greenish-yellow,  yellow-green,  grey-green;  tra¬ 
nsparent  and  opaque;  luminescent  and  non-luminous;  jems  and  indus¬ 
trial;  octahedra  and  cubes,  cuboids  and  sceletal,  intergrown  forms. 
Dominant  quantity  of  diamonds  are  small,  not  more  than  0.12  carat. 
Diamonds  of  the  same  character  had  been  recovered  from  the  basal- 
toid  dyke,  covered  with  the  Cenozoic  loose  sediments.  The  dyke 
was  explored  at  the  total  length  of  27km  from  NW  to  SE.  Its  width 
varies  from  0.1km  up  to  1.0km  dipping  70-85°to  SW.Age  of  the  dyke 
may  be  not  more,  ancient  than  Famennian.  The  dyke  is  composed  with 
basalts  (>80%),  picrites,  picrobasalts,  andesitebasalts, breccia  of 
that  rocks  with  carbonat  cement  and  eruptive  breccias. The  last 
ones  are  located  usually  at  the  salvages  of  the  dyke.  Basaltoids 
are  of  massive  or  brecciated  texture,  amygdaloidal.plagioporphyri- 
tic;  graundmass  is  of  hialophylitic,  pilotaxitic,  intersertal  and 
microdiabase  texture,  where  plagioclase,  titan-augite,  orthopy¬ 
roxene,  olivine,  biotite-phlogopite  and  apatite  have  been  determi¬ 
ned.  These  basaltoids  are  subalkaline,  potassic-sodium  and  sodium, 
with  xenolites  of  hosting  terrigenous  rocks  and  inclusions  of  in¬ 
tensely  chloritizied,  serpentinized,  talcose  and  phlogopitized  ag¬ 
gregate.  LaN:SmN:YbN  ratio  varies  from  32:20:13  to  120:41:12.  Dia¬ 
mondiferous  basalts  are  enriched  with  LREE.  The  samples  with  dia¬ 
monds  contain  also  garnet,  graphite,  chrome  spinels, zircon, moissa- 
nite  and  ilmenite. 

Sarykamys  prospect  (diamond  occurence)  at  49°05’N,  70°58’E  is 
represented  by  a  system  of  alnoite  dykes  and  eruptive  breccia 
pipes.  Alnoite  is  phlogopite-olivine-monticellite  porfyritic 
amigdaloidal  potassium  micromelilitolite.  Alnoite  and  its  breccia 
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had  been  intruded  into  the  sandstones,  conglomerates  and 
alevrolites  of  Middle  and  Upper  Devonian  age  on  the  area 
2.8(SW-NE)e0.53  (SE-NW)km2.  The  dykes  are  subvertical  of  SW-NE 
strike,  rarely  of  SE-NW  strike  forming  left-hand  en-echelon  rows. 

Some  bodies  are  of  length  from  first  metres  up  to  700m. They  are 
usually  zonal,  central  part  being  built  with  alnoite  of  0. 2-7.0  m 
width,  whereas  the  salvages  consist  of  alnoite  eruptive 
breccia,  passing  into  the  brecciated  hornfelsed  host  rocks.  The 
pipes  are  related  usually  to  the  conjunctions  of  the  dykes,  and 
their  diameter  does  not  exceed  60m.  Alnoite  contains  megacrysts 
(d<5cm)  of  phlogopite,  augite,  enstatite,  olivine,  chrome 
srinel  and  garnet;  nodules  (d  <  5cm)  of  chrome  spinel  peridotite, 
micaceous  clinopyroxenite,  glimmerite  and  host  rock  xenolites 
(d  <  3m). Alnoite  crystallisation  had  been  accomplished  near  308±3 
min  years  ago,  regarding  the  incline  of  Rb  -  Sr  isochrone,  at 
(87Sr/86Sr)=0. 70596  and  LaN:SmN:YbN  =  204:35:5.  Eruptive  breccia 
contains  different  diamonds.  That  of  0.3-0. 4  mm  size  are 
colorless  transparent,  chipped  off,  whereas  diamonds  of  0.5-0. 7mm 
are  presented  with  greenish-yellow  transparent  octahedra,  having 
smooth  even  planes.  Samples  with  diamonds  bear  also  such  minerals 
as  garnet,  chrome  spinel, chrome  diopside,  moissanite,  ilmenite, 
zircon  and  graphite. 

Diamondiferous  magmatic  bodies  are  coincided  to  the  Zhalair- 
-Nayman  zone  of  SE-NW  strike,  being  the  right-hand  strike-slip 
under  the  stress  of  pure  shear.  Basaltoids  are  located  within  the 
right-hand  slips  of  SE-NW  strike,  but  alnoites  are  related  to  the 
left-hand  slips  which  are  ”S”-like  transverse. 

The  geodynamical  interpretation  of  the  matter-structural  comp¬ 
lexes  of  the  Eastern  Betpakdala  make  it  possible  to  state,  that: 

1)  Archean-Lower  Proterzoan  lithospheric  roots  of  the  Central  Ka¬ 
zakhstan  microcontinent  were  stabilized  during  Proterozoan-Pa- 
laeozoan  time;  2)  geodynamical  regime  of  the  active  continental 
margin  was  dominant  during  Upper  Devonian  -  Middle  Carboniferous; 
3)  at  the  same  time  subduction  was  diagonal,  with  left-hand  dis¬ 
location;  4)  diamondiferous  magmatites  had  been  generated  at  the 
transitional  zone  between  the  volcano-plutonic  belt  and  the  back 
arc  basin. Geodynamical  situation  and  the  material  composition  of 
the  diamond-bearing  magmatites  indicate,  that  they  may  be  regar¬ 
ded  as  products  of  mixing  the  barren  paternal  melts  with  the  dia¬ 
mondiferous  kimberlite  and/or  lamproite  melts,  generated  during 
the  ascending  of  the  mantle  diapir  at  the  back  arc  space.  So 
zone  of  the  transition  from  the  volcano-plutonic  belt  to  the  back 
arc  basin  may  be  the  most  perspective  for  diamond  exploration. 

First  publication. 
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PEROVSKITES  FROM  THE  MATA  DA  CORDA  KAMAFUGITES,  MG,  BRAZE. 

Sgarbi1,  P.B.A.  and  Caspar2,  J.C. 

1.  Departamento  de  Geologia,  Instituto  de  Geociencias,  Universidade  Federal  de  Minas 
Gerais,  31270-901  Belo  Horizonte  MG,  Brazil. 

2.  Instituto  de  Geociencias,  Uniersidade  de  Brasilia,  70910-900  Brasilia  DF,  Brazil 

The  Mata  da  Corda  kamafugites  occur  in  the  western  part  of  the  Minas  Gerais  State,  overlying 
a  non-volcanic  sedimentary  sequence.  These  rocks  form  the  Sao  Francisco  Basin  of 
Cretaceous  age.  The  kamafugites  are  part  of  the  Alto  Paranaiba  Igneous  Province,  which 
includes  also  intrusions  of  kimberlitic  affinity,  lamproitic  rocks  and  carbonatites. 

The  kamafugites  are  constituted  essentially  by  clinopyroxene,  perovskrte,  and  magnetite,  and 
less  abundant  olivine,  phlogopite,  melilite  pseudomorphs,  and  apatite.  The  felsie  phases 
present  are  kalsilite  and/or  leucite  pseudomorphs.  These  nocks  may  be  classified  as  mafitites, 
leucitites,  kalsilitites,  and  pyroxenites  (Sgarbi  and  Valenga,  1991). 

Perovskrte  occurs  as  phenocrysts,  microphenocrysts,  and  groundmass  in  all  petrographic  types 
and  is  always  abundant  (3  to  12%vol.).  The  largest  grain  size  is  about  0.6mm.  Chemical 
analyses  were  performed  in  a  Cameca  SX50  electron  microprobe  at  the  University  of  Brasilia, 
using  25  Kv,  200  nA,  with  a  focused  beam.  The  REE  glass  standards  described  by  Drake  and 
Weill  (1972)  were  used. 

Perovskite  compositions  are  close  to  the  perovskite  end  member  with  relatively  low  REE,  Sr, 
and  Na  contents.  FeO  and  Si02  contents  are  higher  in  groundmass  grains  than  phenocrysts  for 
all  petrographic  types.  Nb205  contents  are  always  lower  than  1 .0wt%.  Na20  and  SrO  contents 
of  perovskrtes  from  leucitites  are  higher  (0.6  - 1 .0  and  0.8  - 1 .3wt%,  respectively)  when 
compared  with  those  from  the  mafitites  (Na20  =  0. 14  -  0.72  and  SrO  =  0. 15  -  0.63wt%).  The 
leucitites  are  the  most  evolved  members  of  the  studied  rocks.  The  increase  in  SrO  with 
magmatic  evolution  is  in  agreement  with  the  prediction  by  Mariano  and  Mitchell  ( 1991)  for 
pyroxenite  perovskites  from  the  Alto  Paranaiba  Province.  These  authors  predicted  an 
evolution  trend  towards  the  loparite  end  member  (SrTi03).  Perovskites  from  a  cognate 
pyroxenite  xenolith  have  intermediate  Na20  and  StO  contents  between  the  mafitites  and 
leucitites. 

The  average  REE  content  is  about3.0wt%.  Ce203  varies  from  0.73  to  2.47wt%  and  La203 
from  0.41  to  1 :02wt%.  Surprisingly,  the  REE  contents  of  perovskrte  phenocrysts  from  the 
mafitites  are  higher  than  REE  contents  of  groundmass  grains.  There  is  one  exception  in  which 
the  relation  is  opposite.  In  this  last  case  the  olivine  crystals  present  in  the  sample  show  reverse 
zoning  (Sgarbi  and  Valenpa,  1994).  This  suggests  that  the  variation  in  REE  contents  reflects 
variation  in  liquid  composition.  The  REE  content  in  the  liquid  is  also  controlled  by  apatite,  ft 
is  possible  that  with  tire  onset  of  apatite  crystallization  the  liquid  became  depleted  in  REE. 
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When  plotted  in  terms  of  atomic  percentage  in  the  Sr-(REE+Ca)-(Na+Nb)  and  Ca-Na-REE 
diagrams,  the  Mata  da  CoTda  perovskites  cluster  around  the  REE+Ca  and  Ca  (perovskite  end 
member)  vertices,  respectively.  Considering  the  diagram’s  variables  and  compared  to  the  data 
from  Mitchell  and  Steele  (1992)  the  Mata  da  Corda  perovskites  aTe  unique,  being  different 
even  from  the  Salitre  I  perovskites  (occurring  in  fenites),  which  is  also  part  of  the  Alto 
Paranaiba  Province.  In  the  SrO-Ce203  (wt%)  diagram  presented  by  Mitchell  and  Steele  (1992) 
the  Mata  da  Corda  perovskites,  however,  plot  in  the  composition  field  of  perovskites  from 
kimberlites  and  alnoites.  The  Mata  da  Corda  perovskites  overlap  also  some  perovskite 
compositions  from  olivine  lamproites  from  Ellendale  (West  Australia)  and  Praire  Creek  ( 
Arkansas,  USA). 

Acknowledgments  We  thank  Dr.  Ian  Steele  for  the  assistance  with  the  analysis  program  for 
REE  in  perovskites.  Financial  support  came  from  PRPq-UFMG. 
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COMPARATIVE  CHARACTERISTIC  OF  CARBONATITES ,  KIMBERLITIC 
CARBONATITES  AND  CALCIPHYRES  A£  INDICATORS  OF  THEIR  ORIGIN 
IN  THE  LOWER  CRUST. 

Shakhov1 ,G.P . 

1.  State  Research  Productional  Enterprise  "Aerogeologia" ,  35, 
Leninsky  Prospect,  Moscow,  Russia,  Project  314. 

The  genetic  relationship  of  carbonatites  and  kimberlites  is 
shown  in  many  works.  Few  data  have  been  reported  on  the 
carbonatite  occurence  in  the  early  Precambrian  whereas  a 
sufficient  number  of  silicate-carbonate  rocks  (calciphyres)  are 
known  to  be  embedded  in  the  metamorphic  complexes.  Traditionally 
their  origin  is  considered  to  be  sedimentary.  However  the 
comparison  of  mode  of  occurrence,  textures,  mineralogical , 
petrochemical  and  geochemical  composition  of  calciphyres  and 
carbonatites  has  shown  their  total  identity.  Calciphyres  as  well 
as  carbonatites  form  embedded  bodies  stocks  and  veins  (Shakhov, 
1983) ,  have  similar  interrelations  with  the  wall-rocks,  such  as 
grading  into  pyroxenites  and  crosscutting  relations  followed  with 
breccia  zones.  Among  the  calciphyres  as  in  the  carbonatites  there 
occur  varieties  filled  with  the  xenoliths  of  rounded,  angular  and 
bandlike  forms.  Their  petrographic  composition  is  identical  with 
that  of  kimberlites  and  represented  by  pyroxenites,  hornblendites , 
crystalline  schists  and  other  varieties  of  metamorphic  rocks.  All 
kinds  of  carbonatite  textures  occur  in  calciphyres.  Within  the 
basin  of  the  Sutam  river  (South  Yakutia)  in  the  zone  of  grading 
from  pyroxenite  into  calciphyre  xenomorphic  aggregates  of 
carbonate  can  be  observed  to  fill  interstitial  openings  in  the 
middle  of  silicates,  that  is  carbonate  looks  like  intercumulate 
material  (Shakhov,  1395)  .  Depending  upon  the  silicate-carbonate 
ratio  along  the  strike  of  the  grading  zone  the  rock  can  be 
observed  to  change  from  pyroxenite/verlite  through  calcite 
pyroxenite  similar  to  calcite  kimberlite  of  group  II  (Mitchell, 
1986)  and  finally  to  calciphyres.  A  comparison  of  all  the  mineral 
types  of  calciphyres  and  carbonatites  shows  that  for  every 
mineral  kind  of  "barren"  carbonatite  the  mineralogically  similar 
variety  of  calciphyres  is  found , including  diamondif erous  types0 
Onfy  according  to  data  available  the  melilite  and  perovskite 
group  is  not  yet  discovered  in  calciphires.  The  petrochemical 
similarity  of  the  latter  and  carbonatites  is  represented  on  J.B. 
Dawson'  triangular  diagram  (Fig.  1)  where  the  compositional 
fields  and  some  points  coinside.  Geochemical  similarity  c-f 
calciphyres  and  "barren"  carbonatites  is  revealed  on  Sr-Ba  and 
Ce-La  diagrams  where  the  points  of  ratio  values  share  the  common 
area  (Fig.  2a,  b) .  Isotope  ratio  ®7Sr/^6Sr  0.70462,  0.70470  for 
the  calciphyres  of  Anabarsky  shield  (Rozen  et  al.,.  1988)  and 
0.701-0.706  for  Grenvill  province  (Heinrich,  1966)  are  in  the 
range  of  values  common  to  the  carbonatites. 

Discussion:  Once  a  given  similarity  has  been  identified, 
calciphyres  could  be  considered  as  primitive  "barren" 
carbonatites  when  by  convention  the  amount  of  silicates  is  less 
than,  say,  50%  and  may  correspond  to  calcite  kimberlite  when  it 
exceeds  50%.  Allowing  for  differentiation  phenomenon  in  Benfontein 
kimberlite  sills  three  stages  of  calciphire  formation  are  traced 
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in  the  outcrops:  1)  incipience  of  carbonate  liquid  in  pyroxenite/ 
verlite  as  the  result  of  fractional  crystallization;  2)  formation 
of  layers  with  apophysis;  3)  intrusion  of  crosscutting  veins  and 
stocks.  On  their  geochemical  particularities  the  calciphires  more 
similar  to  kimberlitic  carbonatites.  having  poorer  contain  of 
such  characteristic  elements  of  carbonatites  as  Nb,  Zr,  TR  and 
Sr.  Of  particular  interest  is  an  area  at  the  intersection  of 
compositional  fields  of  carbonatite  and  kimberlite.  Precisely 
within  this  area  the  points  of  diamondif erous  carbonatites  of 
Kazakhstan  are  situated.  It  enables  us  make  proposal  that 
calciphyres  of  the  same  petrochemical  composition  may  be  also 
diamondif erous .  Such  type  of  carbonate  rock  is  known  to  be 
described  in  the  Kokchetavsky  massive.  According  to  data  available 
the  depth  of  formation  of  minerals-indicators  of  granulite  facies 
amounts  up  to  60  km.  So  formation  of  calciphires  has  accurred 
under  condition  of  magmatic  layering  in  the  lower  crust. 
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-Fig.  1.  Position  of  the 
calciphyres  (solid  circles) 
and  kimberlitic  carbonatites 
(unencircled  marks)  on  the 
part  of  tbediagram  (Dawson, 
1967) .  The  group  of 
compositional  points  of 
carbonatites  is  changed  for 
the  field  (thin  solid  line) . 
The  fields  of  alnoit  (short 
line)  and  kimberlite  (thick 
solid  line)  are  not  changed. 
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Fig.  20  Diagrams 
of  Sr/Ba(a)  and  Ce/La 
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INDICATOR  MINERALS  OF  KIMBERLITIC  MAGMATITES  IN  THE 
SEDIMENTARY  COVER  OF  THE  SIBERIAN  PLATFORM 


Shamshina  E.  A. 

Yakutian  Institute  of  Geosciences,  39,  Lenin  Ave.,  Yakutsk,  677891,  Russia 

Indicator  minerals  of  kimberlitic  magmatites  or  minerals  -  sputniks  of  diamond 
(  MSD  )  are  known  in  the  different  age  deposits  of  the  Phanerozoic  cover  of  the  Siberian 
platform  and  are  wide-  spread  in  the  river  alluvium. 

The  most  ancient  deposits  with  MSD  of  the  known  composition  are  the  Lower 
Cambrian  conglomerates  of  the  Kesyusa  and  Tyuser  suites  in  the  Lower  Lena  and 
Olenyok  .  Pyropes  of  lherzolite  paragenesis  predominate  among  MSD  in  this  level.  The 
content  of  titaniferous  ferrichrome-  spinelides  and  picroilmenites  is  less.  The  presence  of 
armalcolite  is  the  characteristic  feature  of  the  Lower  Cambrian  level  of  MSD  localization. 

The  Early  Carboniferous  ( theTurnaisian  )  level  of  the  MSD  spreading  is  traced  in 
Kyutyungda  graben,  on  the  Kharaulakh  and  Ebelyakh  uplifts  as  well  as  in  the  Viluy 
sineclise.  The  chromic  pyropes  predominate  everywhere  except  the  Ebelyakh  uplift. 
About  4-8%  of  the  diamond  association  present  among  chromic  pyropes  in  the 
Kyutyungda  graben.  Single  grains  of  phlogopite  and  picroilmenite  present  also. 

The  picroilmenites,  often  abundant  in  chrome,  predominate  in  the  Turnaisian  quartz 
conglomerates  of  the  Ebelyakh  uplift.  The  second  mineral  of  MSD  is  Ti-ferrichrome- 
spinelide.  The  presence  of  chrome-spinelides,  rich  in  chrome  and  titanium,  is  common 
there.  Such  varieties  are  typical  for  lamproites.  Pyropes  present  there  in  the.  lesser  quantity, 
have  a  wide  spectrum  of  the  composition  and  contain  single  grains  of  diamond 
paragenesis.  The  study  of  the  Turnaisian  deposits  in  the  North  of  the  Siberian  platform 
shows  that  the  potentially  diamondiferous  magmatites  were  wide-spread  there  and  were 
being  washed-out  in  the  Early  Carboniferous  time. 

The  North  part  of  Kharaulakh  anticlinorium  and  the  Suntar  uplift  can  be  marked  as 
a  new  area  of  kimberlite  magmatite  localization.  The  Ebelyakh  uplift  can  be  considered  as 
an  area  of  diamondiferous  magmatites  of  non-  kimberlitic  formation. 

The  Middle-Upper  Carboniferous  sediments  are  wide-spread  on  the  territoty  of 
Aikhal  and  Malo-Botuobya  districts.  Different  subdivisions  of  these  sediments  are  MSD's 
primary  or  secondary  collectors.  In  Aikhal  district  MSD  are  concentrated  in  the  deposits 
of  the  Konyok  and  the  Aikhal  suites.  In  Malo-Botuobya  district  they  are  concentrated  in 
the  deposites  of  the  Lapchan  and  the  Botuobya  suites.  In  the  Lapchan  suite  pyropes 
predominate  over  picroilmenites,  but  in  the  Botuobya  suite  it  is  quite  opposite.  Constant 
presence  of  ferrimagnetic  picroilmenites  rich  in  chrome  (  average  content  3,5%  0*203  )  is 
common  for  Malo-  Botuobya  area  and  next  to  the  North  territory.  The  content  of  the 
ferrimagnetic  picroilmenites  reaches  there  15%  of  the  heavy  fraction  weight.  The 
hurricane  concentration  of  pyropes  and  chrome-spinelides  of  the  diamond  association  are 
fixed  on  separate  sites.  MSD  had  presented  in  the  weathering  crust  before  these  minerals 
were  deposited  in  the  Middle-Upper  Carboniferous  rocks.  The  MSD  transfer  was 
insignificant  from  the  primary  sources. 

Pyropes  of  Malo-Botuobya  area  are  more  various  in  the  Early  Permian  deposits. 
There  is  an  evidence  that  this  level  formed  both  at  the  expence  of  the  wash-out  of  the 
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underlying  rocks  and  of  the  kirpberlitic  pipes.  In  the  South  parts  of  the  Olenyok  and 
Ebelyakh  uplifts  MSD  are  marked  in  the  macromeric  sediments  of  the  Early  Permian.  The 
study  shows  that  the  Early  Permian  sediments  of  different  territories  are  distinguished 
both  by  the  MSD  content  and  by  the  spectra  of  these  compositions.  It  is  obvious  that  the 
conditions  for  the  MSD  concentration  arose  only  in  the  local  sites  near  to  feeding  sources. 
Middle-chromic  pyropes  and  low-chromic  picroilmenites  are  fixed  in  the  Later  Permian 
deposits  ( the  Boruloy  suite  )  of  Malo-Botuobya  area. 

Only  the  Carnian  level  of  the  Triassic  levels  is  well  expressed  and  studied.  It  is  traced 
along  all  the  N.-E.  rim  of  the  Siberian  platform.  The  Indian,  the  Ladinian  and  the  Norian 
levels  have  insignificant  development.  Only  ferrichrome-spinelides,  rich  in  titanium,  are 
fixed  in  the  Indian  sediments  of  the  Boor  river.  In  the  Ladinian  deposits  Ti-ferri-chrome- 
spinelides,  low-chrome  picroilmenites  and  pyropes  are  present.  The  Norian  level  of  the 
MSD  concentration  is  marked  on  the  Laptev  coast,  where  Ti-ferrichrome-spinelides  and 
picroilmenites  with  no  chrome  are  found.  The  Carnian  conglomerates  consist  of :  60% 
pebbles  of  the  weathered  magmatic  rocks,  pyropes  of  the  lherzolite  and  dunite-harzburgite 
paragenesis.  Chrome-spinelides  among  which  titanium-ferrichrome  varieties  predominate 
are  there  in  less  quantity.  It  is  characteristic  that  the  concentrations  of  pyropes  and  grains 
of  diamond  paragenesis  in  them  are  timed  only  to  the  Carnian  foot  and  they  get  depleted 
upwards  the  cut.  Picroilmenites  in  the  Carnian  level  are  met  only  on  the  Lena  right  bank. 
The  study  of  the  Carnian  deposits  shows  that  there  were  a  lot  feeding  sources  on  the  wide 
territory  of  their  spreading. 

The  Jurassic  intermediate  collectors  of  diamond  and  its  sputniks  are  marked  on  the 
four  levels:  the  Hettangian,  the  Pliensbachian,  the  Callovian  and  the  Lower  Volhzsky.  The 
Hettangian  diamondiferous  and  MSD'ferous  deposits  are  spread  in  the  South  part  of 
Malo-Botuobya  district  and  have  a  variable  thickness,  small  lenses  and  seams,  bad  sorting 
of  material  and  reflect  the  composition  of  the  fed  kimberlitic  bodies.  On  the  greater  part  of 
the  Lena-Anabar  interfluve  the  Jurassic  cut  begins  with  the  Pliensbachian  conglomerates, 
which  contain  pyropes,  picroilmenites  and  chrome-spinelides,  opaque  minerals  in 
summary  predominating  over  pyropes.  The  grains  of  diamond  paragenesis  are  found 
among  pyropes  on  the  Ebelyakh-Chimara  and  the  Muna-Chimidican  watersheds.  The 
diamond  associatoon  is  absent  everywhere  among  chrome-spinelides.  In  picroilmenites  the 
low-titanium  varieties  predominate. 

The  Callovian  basal  conglomerates  in  the  Prylena  region  contain:  pyropes  of 
lherzolite  and  eclogite  paragenesis;  high-magnesian  picroilmenites  with  the  content  of 
Cr203  to  3,9%  ;  chrome-picotites  with  single  grains  of  the  diamond  association.  The  good 
safety  of  the  significant  number  of  the  MSD  in  these  sediments  allows  to  conclude  that 
the  greatest  part  of  them  got  into  the  deposits  from  the  primary  but  not  from  the 
secondary  sources. 

The  Lower  Volhzsky  conglomerates  stretched  along  the  Pryverkhoyan  basin  and 
contain  pyropes  of  lherzolite  and  eclogite  paragenesis  with  no  the  diamond  association. 
Locally  they  are  accompanied  by  low-chrome  non-titanium  spinelides. 

The  Cretaceous  deposits  in  the  N.-E.  of  the  Siberian  platform  are  present  by 
unfavourable  facies  for  the  accumulation  of  the  diamondiferous  material.  In  the  relic 
sediments  of  the  Ebelyakh  drainage-basin  the  wide  range  of  the  picroilmenites  and  single 
grains  of  the  titanium-chrome-spinelides  are  marked.  It  is  obvious  in  the  Creataceous  time 
the  MSD  could  be  accumulated  only  in  the  narrow-local  depressions  near  to  the  sources. 
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The  Neogene  ( the  Neogene  -  Early  Quarternary  )  level  is  fixed  in  the  Prylena  region, 
on  the  Udzah  uplift,  on  the  Markha  left  bank  ( the  Kononchan  -  Ikke  -  Teryut-Tomakh 
watershed).  In  the  Markha  drainage-basin  MSD  are  presented  only  with  the  pyropes 
containing  8-10%  of  the  diamond  paragenesis  grains.  In  the  Udzah  uplift  the  deposits  of 
this  age  contain  picroilmenites  of  the  wide  spectrum  composition  and  high-titanium 
ferrichrome-spinelides.  Such  MSD  are  wide-spread  in  the  Middle-Upper  Quarternary 
sediments  of  the  North  part  of  the  Anabar  -  Olenyok  interfluve  as  well  as  on  the  Neogene 
level  of  the  Udzah  uplift. 

The  wide-spreading  of  the  monotonous  MSD  association  (  Ti-ferrichrome-spinelides 
and  picroilmenites  of  various  compositions  with  the  absolute  absence  of  pyropes  )  testifies 
to  the  non-kimberlitic  genesis  of  this  association.  The  alkali-picrites  which  have  the  wide- 
spreading  within  the  given  territory  can  be  its  sources.  These  picrites  contain  similar 
spinelides  and  picroilmenites  in  their  composition. 
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ARBANSKY  MASSIF  IN  THE  EASTERN  SIBERIA-  THE  LARGEST  IN  RUSSIA 
BLOCK  OF  THE  EARLY  PRECAMBRIAN  UPPER  MANTLE  AND  LOWER 
CRUSTAL  ROCKS 

Sharkov*,E.V.,  Sarelainen2,B.V.,  QuickC, J.E.,  Laz'ko^E.E.,  Bogina^,M.M. 

1 .  Institute  of  Ore  Deposits  Geology,  Petrology,  Mineralogy  & 

Geochemistry  (IGEM),  Russian  Ac.Sci.,  Moscow  109017,  Russia 

2.  Irkutsk  Technological  University,  Irkutsk  664047,  Russia 

3.  US  Geological  Survey,  Denver,  MS  903,  Box25046,  CO  80225- 
0046,  USA 

The  Arbansky  massif  (~70  km^,  thickness  1  km)  is  located  in  150  km  to  northwest 
from  Lake  Baikal  in  the  bordering  Prisayanian  uplift  of  the  Siberian  platform  Precambrian 
basement.  The  uplift  formed  by  2  large  structures:  Sharyzhalgay  block  which  formed  by 
the  early  proterozoic  (2. 5-2.4  Ga)  granulite  complex,  and  Onotsky  graben  -fragment  of  the 
late  archean  granite-greenstone  terrane  (fig.  1). 


Fig.  1 .  Prisayanian  bordering  uplift  of  the  Siberian  platform: 

1-  phanerozoic  and  late  proterozoic  platform  sedimentary  cover;  2-late  proterozoic  folded 
belt  (baikalides);  3-early  proterozoic  rocks  of  Uriksko-Iiysky  graben;  4-early  archean  rocks 
of  Biryusa  block;  5-late  archean  rocks  in  Onotsky  graben;  6-early  proterozoic  granulites  of 
Sharyazhalgay  block 

The  massif  situated  within  Onotsky  greenstone  belt.  It  consists  of  overthrusted 
nappes  of  tectonized  upper  mantle  and  lower  crustal  rocks,  which  were  tectonically 
emplaced  in  the  Early  Proterozoic  (2. 2-2.0  Ga  ago),  when  continent-continent  collision 
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took  place  (Aftalion  et  al.,1991).  The  massif  contains  spinel  harzburgites,  which  are 
samples  of  typical  upper  mantle,  eclogites  and  garnet  granulites  with  layers  of  garnet- 
kyanite  schists  (metapelites),  which  are  samples  of  the  upper  mantle  and  lower  crust 
(Fig-2). 


I*  EH®  B310  H"  El12  EZJ13  01* 

Fig.2.  Arbansky  massif:  1  -the  late  proterozoic  diabase  dykes;  2-3  -  the  early  proterozoic 
granites;  4-the  early  proterozoic  basites  and  ultrabasites;  5-8  -  the  late  archean  rock  of 
Onotsky  greenstone  belt:  5-Kamchadal'skaya  suite,  6-Maloiretskaya  suite,  7-Sosnovy 
Baets  suite,  8-Kharantoi  suite;  9-1 1  -  Arbansky  massif:  9-Gr  granulites  and  eclogites  of  the 
lower  part  of  the  massif,  10-ultramafites,  1 1-Gr  granulites  of  the  upper  part  of  the  massif; 
12-Py  granulites  of  Sharyazhalgay  complex;  13-dipping;  14-faults 

Spinel,  hornblende  peridotites,  and  spinel  and  garnet  websterites  with  relics  of  cumulative 
structures  are  deep-seated  intrusive  rock.  All  sequence  looks  like  high-grade 
metamorphosed  volcanic-sedimentary  pile,  which  were  soldered  by  intrusions  of  different 
ultramafic  melts  in  high  pressure  conditions. 

Petrography  of  the  rocks.  Garnet  granulite  is  composed  by  two  pyroxenes 
(hyperstene  and  ferrous  augite),  garnet,  ’acid  plagioclase  (Table),  and  about  2-3%  of 
ilmenite  ;  there  are  small  amount  of  phlogopite  among  neoblasts.  Special  attention  must 
be  given  on  high  Fe  content  of  minerals  which  is  not  typical  for  basites.  The  bulk 
composition  of  the  rock  is  unusual  too  (Table  1).  Tectonized  eclogite  is  formed  by 
porphyroclasts  of  augite  with  9-14.7%  of  jadeite  and  small  amount  of  hyperstene  Fs3g, 
and  neoblasts  of  Cpx  and  garnet  with  subordinate  quartz,  ilmenite,  phlogopite  and  Hbl. 
Composition  of  minerals  is  more  magnesian  than  in  Gr  granulites.  Garnet-kyanite  schists 
formed  by  garnet  and  kyanite  with  subordinate  irregular  aggregates  of  quartz,  rutile,  and 
sometimes  acid  plagioclase.  Feature  of  these  rocks  is  oriented  needle-like  inclusions  of 
kyanite  in  garnet.  Spinel  harzburgite  has  all  features  of  the  mantle  samples  both  in 
structure  and  mineral  composition.  Cumulate  phases  in  hornblende  peridotites  are  Ol, 
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green-brown  Sp,  green  magnesian  hornblende  and  ortho-  or  clinopyroxene.  Feature  of  Sp 
websterite  is  appearance  of  symplectitic  coronas  of  spinel,  olivine  and  plagioclase  around 
spinel.  Primary  cumulate  structure  remains  in  the  better  way  in  Gr  websterite,  where  Gr 
plays  role  of  intercumulus  phase  in  two-pyroxene  cumulate.  Feature  of  the  rock  is 
symplectitic  coronas  of  spinel,  orthopyroxene  and  plagioclase  around  garnet. 


Table.  Representative  chemical  analyses  of  rocks  and  minerals  from  the  Arbansky  massif. 


3780-5 

3615 

al4b 

Oxide 

Rock 

PI 

Cpx 

Opx 

Gt 

Cpx 

Gt 

Rock 

Gt 

Si02 

43.41 

61.49 

51.74 

50.74 

38.20 

53.38 

39.42 

48.25 

40.06 

Ti02 

1.03 

- 

0.15 

- 

- 

0.10 

- 

2.60 

0.04 

ai2o3 

10.97 

25.07 

2.82 

1.11 

21.83 

3.38 

22.05 

36.72 

22.90 

Fe203 

3.38 

- 

- 

- 

- 

,  - 

- 

1.66 

23.20 

FeO 

21.51 

- 

11.81 

29.49 

27.58 

9.16 

24.34 

5.31 

- 

MnO 

0.27 

- 

- 

0.10 

0.38 

0.06 

1.02 

0.05 

0.64 

MgO 

8.85 

- 

11.52 

17.60 

4.72 

12.01 

6.98 

4.01 

11.37 

CaO 

8.00 

6.39 

20.55 

0.49 

7.71 

19.82 

6.11 

0.89 

3.11 

Na20 

0.34 

7.46 

0.80 

- 

- 

2.15 

- 

0.15 

- 

K20 

0.05 

0.05 

- 

- 

- 

- 

0.06 

- 

H20" 

0.20 

- 

- 

- 

- 

- 

- 

0.25 

- 

co2 

0.22 

- 

- 

- 

- 

0.12 

- 

LOI 

1.13 

- 

- 

- 

- 

- 

- 

0.10 

- 

Total 

99.35 

100.46 

99.39 

99.53 

100.42 

100.06 

99.97 

100.16 

101.32 

Note:  3780-5  -  garnet  granulite,  3615  -  eclogite,  a  14b  -  gamet-kyanite  rock. 


Thermobarometry  indicates  that  these  rocks  crystallized  under  the  following 
conditions:  spinel  harzburgite,~10-12  kb;  garnet  websterite  (with  lamellae  of  garnet  in 
clinopyroxene),  24-36  kb;  eclogite,  26-34  kb;  garnet  granulite,  15-22  kb;  spinel,  hornblende 
peridotite,  7-10  kb;  spinel,  olivine  websterite,  9-14  kb;  spinel  websterite,  5-6  kb.  Garnet 
granulites  were  formed  under  conditions  of  the  lowerest  part  of  the  crust  or  the  top  of 
upper  mantle,  and  eclogites  -  the  upper  mantle  one.  Intrusions  of  spinel  ultramafites 
crystallized  in  the  lower  crust  under  moderate  parameters,  and  garnet  websterites  -  in  the 
mantle.  It  is  not  clear  situation  with  Sp  harzburgites  -  they  are  typical  mantle  rock, 
however,  were  formed  under  more  moderate  conditions  then  Gr  granulites  and  eclogites; 
probably,  they  are  slices  of  younger  mantle  diapir,  tectonically  emlpaced  into  the  lower 
continental  crust  when  the  thrust  sheets  were  assembled  during  next  orogenic  event. 
Another  problem  -  the  unusual  composition  of  the  Gr  granulites;  we  assume  that  they 
could  be  restites  from  partial  melting  of  the  rocks  type  tonalites,  where  mg#  close  to 
observed  in  the  Gr  granulites. 


We  suggest  that  Arbansky  massif  is  an  example  of  the  ancient  continental  lower 
crust  and  upper  mantle,  which  were  formed  in  the  places  of  descending  flows  of  crustal 
material  under  typical  for  the  Early  Precambrian  plume-tectonics  regime.  Such  situations 
took  place  between  granite-greenstone  terranes  (the  early  precambrian  spreading  areas) 
where  granulite  belts  were  forming.  In  our  case  it  could  be  the  Sharyzhalgay  granulite  belt. 
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MELT  INCLUSION  STUDY  OF  SOME  LAMPROITE  SPECIES  FROM 
W.KIMBERLEY,  W.AUSTRALIA  AND  LEUCITE  HILLS,  USA. 


Sharygin  V.V. 

Institute  of  Mineralogy  and  Petrography,  Universitetsky  pr.3,  630090  Novosibirsk, 

Russia. 

Thermobarogeochemical  investigations  have  been  carried  out  for  several  species  of 
lamproites  from  two  localities:  for  olivine  and  leucite  lamproites  of  Western  Australia 
(the  Ellendale- 1 1  and  -5  pipes,  the  Valgidee  Hills  massif),  for  wyomingites  of  Leucite 
Hills,  USA  ( Sharygin ,  1991;  Sharygin  and  Bazarova,  1991 ;  Sharygin  and  Vladykin, 

1994). 

Thermometric  study  of  the  rocks  has  shown  that  homogenization  temperatures  of 
secondary  melt  inclusions  hosted  by  olivine  phenocrysts  of  olivine  lamproites  are  950- 
1050°C,  whereas  primary  inclusions  in  leucite  lamproite  minerals  of  Western  Australia 
and  Leucite  Hills  are  homogenized  at  1 130-1250°C. 

According  to  electron  microprobe  analysis,  the  secondary  inclusion  glasses  hosted 
by  olivine  phenocrysts  of  the  E-l  1  olivine  lamproites  essentially  differ  in  composition 
from  the  host  rock  in  MgO,  Ti02,  BaO,  Zr02,  F,  alkalis  and  correspond  to  olivine-leucite 
and  leucite  lamproites  (excepting  Si02  and  Na20).  The  same  compositional  peculiarities 
of  inclusion  glasses  are  also  typical  of  olivine  lamproites  both  from  other  pipes  of  the 
Ellendale  field  and  from  Prairie  Creek  (A. Sobolev  et  al.,  1989;  Solovova  et  al.,  1989). 

In  leucite  lamproites  (phlogopite-leucite  lamproite  of  E-5,  phlogopite-diopside- 
leucite  lamproite  of  Valgidee  Hills,  wyomingite  of  Leucite  Hills),  the  primary  inclusion 
glasses  trapped  by  the  earliest  phenocrysts  (phlogopite,  apatite,  clinopyroxene)  are 
closely  similar  in  composition  to  the  rocks  investigated,  and  only  glasses  in  late  minerals 
(leucite,  diopside)  are  rich  in  Si02,  BaO,  Ti02,  FeOt,  alkalis  and  poor  in  A1203,  CaO, 
MgO.  Natural  analogues  are  found  for  some  compositions  of  the  latest  inclusion  glasses. 
For  example,  secondary  inclusion  glasses  hosted  by  diopside  of  the  Valgidee  Hills 
phlogopite-diopside-leucite  lamproite  approximately  correspond  to  veined  pegmatoid 
lamproites  of  the  massif  (Jaques  et  al,  1989).  The  same  compositional  features  were  also 
indicated  for  inclusion  glasses  of  other  leucite  lamproite  species  of  these  two  localities 
(A.Sobolev  et  al,  1989;  Mitchell,  1991). 

In  spite  of  the  above-mentioned  differences  of  olivine  and  leucite  lamproites  in 
composition  of  inclusion  glasses,  a  general  tendency  is  characteristic  of  both  rock  types 
from  these  occurrences  of  lamproitic  magmatism:  initial  melt  evolution  during  rock 
crystallization  had  an  agpaitic  nature  and  was  directed  toward  a  gradual  depletion  in 
A1203,  CaO,  MgO,  P205  and  enrichment  in  Si02,  FeOt,  BaO,  Ti02,  Zr02,  alkalis.  Such 
evolution  character  permitted  formation  of  Al-undersaturated  or  Al-ffee  silicates  (Fe-rich 
K-feldspar,  K-Ti-richterite,  scherbakovite  and  wadeite)and  K-Ba-titanates  (pri derite, 
jeppeite)  at  the  latest  stages  of  rock  crystallization. 
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Chemical  composition  (wt.%)  of  lamproites  and  inclusion  glasses  in  their  minerals. 
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Electron  microprobe  analysis  for  inclusion  glasses,  total  iron  as  FeO.  Gl,  Gld-  initial  and  fine-devitrified  glass,  respectively, 
Phi  -  phlogopite,  Ap  -  apatite,  Lc  -  leucite,  Ks  -  kalsilite,  Di  -  diopside,  Bar  -  barite,  San  -  sanidine,  g  -  gas. 

*  -  secondary  melt  inclusions,  n  -  number  of  analyses. 


Besides  glasses,  crystalline  phases  of  the  melt  inclusions  and  single  crystal 
inclusions  in  phenocrysts  of  lamproites  have  been  studied.  Majority  of  them  (phlogopite, 
enstatite,  diopside,  Cr-spinel,  barite,  K-richterite,  etc.)  are  similar  in  composition  to 
groundmass  minerals  of  the  rocks  investigated.  After  A.  Sobolev  et  al.  (1989)  and 
So/ovova  et  al.  (1989),  kalsilite  as  daughter  phase  of  the  inclusions  has  also  been 
identified  in  olivine  phenocrysts  of  the  E-l  1  and  E-7  olivine  lamproites  and  in  phlogopite 
phenocrysts  of  the  Leucite  Hills  wyomingites  (Sharygin,  1991;  Sharygin  and  Vladykin, 
1994).  The  finding  of  this  mineral  found  in  inclusions  only  is  very  interesting,  as, 
according  to  Mitchell  and  Bergman  (1991),  kalsilite  is  a  prohibited  mineral  for 
lamproites.  However,  in  contrast  to  kalsilites  from  other  potassic  rocks,  the  mineral  from 
lamproites  is  essentially  undersaturated  in  A1203  and  rich  in  MgO  (up  to  2.5  wt.%),  Fe203 
(up  to  8  wt.%)  and  Si02  (up  to  43.4  wt.%),  being  a  magnesioferrikalsilite.  Its  specific 
composition  may  be  explained  due  to  two  substitutions: 

Al3*  <=>  Fe3+  and  2AI3+  <=>  Mg2+  +  Si4+. 

Taking  into  account  the  experiments  of  Wendlandt  and  Eggler  (1980),  the  coexistence  of 
kalsilite  with  olivine,  enstatite,  phlogopite,  liquid  and  gas  within  inclusion  (in  particular, 
in  olivine  lamproites  of  E-l  1  pipe)  is  quite  possible  to  be  an  evidence  of  high  pressures 
(25-34  kb)  and  temperatures  (1 160-1425°C)  during  phenocryst  formation  in  some 
lamproites. 

On  the  whole,  chemical  peculiarities  of  glasses  and  crystalline  phases  from  melt 
inclusions  hosted  by  minerals  and  evolution  of  their  composition  from  the  earliest  to 
latest  minerals  might  be  used  as  additional  indications  to  distinguish  lamproites  and  other 
rocks  (especially,  K-basaltoids)  close  to  lamproites  in  chemical  and  modal  compositions. 
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ULTRAHIGH-PRESSURE  METAMORPHIC  ENVIRONMENT  OF  MICRODIAMONDS 

Shatsky  V.S.,  Sobolev  N.V.,  2Jagoutz  E.,  Vavilov  M.A.,  Yefimova  E.S.,  ^ozmenko  O.A. 

1  -  Institute  of  Mineralogy  and  Petrography,  Novosibirsk,  630090,  Russia. 

2  -  Max-Plank  Institute  fur  Chemie,  Saarstrasse  23,  D-55122,  Mainz,  Germany. 

The  Kokchetav  massif  (Northern  Kazakhstan)  is  known  as  the  type  locality  of  diamonds  in 
metamorphic  rocks.  The  massif  has  a  complex  heterogeneous  structure.  Eclogite  and 
diamondiferous  rocks  occur  only  within  the  deposits  of  the  Zerenda  rock  series  which  occupied 
the  central  part  of  the  massif.  This  series  is  represented  mainly  by  metamorphic  assemblages  of 
amphibolite  and  epidot e-amphibolite  facies 

A  significant  spread  in  P-T  parameters  of  metamorphism  was  found  in  the  eclogites  and 
country  rocks  from  various  sites  (Shatsky  et.al.,  1989)  The  diamondiferous  rocks  and  high- 
temperature  nondiamondiferous  eclogites  occur  within  the  lowermost  unit  1  of  the  Zerenda 
series  (Dobretsov  et.al.,  1995).  This  unit  is  composed  of  dominant  garnet-bearing 
quartzofeldspathic  gneisses  and  biotite  schists  with  lesser  amounts  of  garnet  pyroxenite,  gamet- 
pyroxene-carbonate  rocks  and  eclogite  lenses  of  basaltic  composition. 

The  mineral  parageneses  of  eclogite,  amphibolite  and  greenshist  facies  are  recognized  in 
diamondiferous  rocks. (Shatsky  et.al., 1993)  The  parageneses  of  eclogite  facies  and  diamonds 
are  generally  preserved  only  as  inclusions  in  garnets  and  zircons.  In  addition,  the  diamonds 
were  found  as  inclusions  in  kyanite,  clinopyroxene  and  in  secondary  minerals  replacing  garnet  and 
cpx  (biotite,  muscovite,  amphibole). 

The  UHP  mineral  assemblages  of  diamondiferous  cataclastic  biotite  gneisses  and  schists 
are  made  up  of  Gnt  ±  Cpx  ±  Bt  ±  Phe  ±  Kfs  ±  Sph  ±  Ky  ±  Coe  ±  Ap  The  eclogite  facies  mineral 
paragenesis  of  pyroxene-gamet-carbonate  rocks  and  gamet-pyroxenite  is  composed  of  Gnt  +  Cpx 
+  Dol  +  Cal  ±  Phi  ±  Rut  ±  Sph  ±  Zo  ±  Mag. 

Evidence  of  UHP  was  obtained  from  specific  features  of  minerals  included  in  garnets  and 
zircons.  Potassium-rich  clinopyroxene  (up  to  1.5%  K20),  grossular-pyropic  garnet  (grosspydite 
type  garnet),  aluminous  sphene  (up  to  13,8  A1203),  Si-rich  phengites  (up  to  3,6  Si  p.f.u.)  attest  to 
UHP  conditions  of  metamorphism  (Sobolev,  Shatsky,  1990,  Shatsky,  Sobolev  1993,  Shatsky  et.al. 
1995).  This  is  confirmed  by  discovery  of  coesite  as  inclusions  only  in  zircons  from  diamondiferous 
gneisses  in  a  number  of  samples  (Sobolev  et.al.,  1991,1994). 

The  majority  of  diamonds  are  crystals  with  the  variably  developed  of  hummocky  cuboid 
faces  and  flat  octahedral  faces  As  a  rule,  cuboid  faces  predominate.  The  morphology  of  this  type 
of  diamond  indicates  that  crystals  have  experienced  mixed-habit  growth  (Lang  1979)  While  the 
octahedron  faces  grew  by  a  normal,  layer  by  layer  mechanism,  the  cuboid  regions  characterize 
non-faceted  abnormal  growth.  Some  cuboids  show  “fibrous”structure.  The  octahedral  microfacets 
developed  on  cuboid  surfaces  are  generally  observed  in  crystals  from  pyroxene-carbonate  rocks. 
Diamonds  showing  octahedral  morphology  (sharp-edged  octahedral,  twinned  crystals),  coated 
diamonds  and  polycrystalline  aggregates  are  also  noted. 

Thus,  the  morphology  of  metamorphic  diamonds  shows  no  principal  morphological 
differences  with  diamonds  from  kimberlites.  On  the  other  hand,  there  are  essential  differences 
between  metamorphic  and  synthetic  diamonds.  As  observed  by  I.  Sunagawa  (1984)  on  natural 
diamonds,  only  {111}  faces  are  characteristic  of  the  layer  by  layer  mechanism.  Whereas  on 
synthetic  crystals,  including  diamonds,  grown  under  metastable  conditions  from  vapour  phase 
(Sato,  Kato,  1992)  both  {100}  and  {111}  faces  grown  layer  by  layer  mechanism. 


512 


Table  1  Geochemical  characteristics  of  diamondiferous 
rocks. 
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(after  Tailor  S.R.,  Mclennan  S.M.,1985). 


The  composition  of  diamondiferous 
cataclastic  gneisses,  mica  schists  and  cataclastic 
gamet-pyroxene-quartz  rocks  varies  widely 
Bulk  composition  of  diamondiferous  rocks 
correspond  to  marls  The  rocks  are  depleted 
with  respect  to  the  crust  in  such  elements  as 
Ba,  Ta,  Th,  Sr  and  LREE  (Table.!).  Most 
rocks  are  depleted  in  U  as  well.  In  most  of  the 
diamondiferous  rocks,  the  Th/U  ratio  is  lower 
than  in  the  upper  crust.  The  diamond-bearing 
rocks  are  significantly  distinct  from  non- 
diamondiferous  rocks  of  the  Kumdy-Kol  and 
the  Zerenda  series  rocks  of  the  other  sites, 


when  the  ratios  of  La/Yb  and  Sm/Nd  are  compared. 

Wide  variations  of  eNdO  values  characterize  the  Zerenda  series  rocks.  These  variations  are 
especially  significant  for  diamondiferous  rocks  which,  generally  excluding  pyroxene-carbonate 
rocks,  have  higher  SNdO  values  (-13,5  -  +1 1,7)  compared  to  the  other  Zerenda  series  rocks. 

On  an  isochron  diagram  the  Zerenda  series  rocks  form  a  linear  array  suggesting  an  age  of 
561+31  Ma  with  the  initial  143Nd/144Nd  ratio  of  0,5 1116  (eNdT  -  15,5). 

Mineral  separates  of  diamondiferous  rocks  and  migmatite  form  an  isochron  with  an  age 
521±1 1  Ma  and  initial  ratio  of  0,51 1 128  (6Nd  (T)  -13).  Using  the  initial  143Nd/144Nd  ratio  obtained 
by  the  mineral  isochron  a  2,3  Ga  model  age  was  deduced. 


The  40Ar/3yAr  dating  of  the  biotite  and  muscovite  which  replace  garnet  in  the 
diamondiferous  gamet-biotite  gneisses  give  an  age  of  517  Ma.  The  obtained  data  prove  that  the 
rate  of  cooling  of  the  diamondiferous  rocks  from  530  up  to  517  Ma  would  be  46-42  C°/Ma. 
Isotopic-geochemical  investigation  of  the  Zerenda  series  rocks  of  the  Kokchetav  massif  together 
with  mineralogical-petrological  investigations  (Sobolev,  Shatsky  1990,  Shatsky  et.al.  1993,1995) 
allow  us  to  distinguish  the  following  stages  in  the  geological  evolution  of  the  crustal  block  in 
which  the  ultra-high  pressure  metamorphism  is  manifested  (Fig  ). 


/39 


i 


The  Sm/Nd  model  age  of  the 
Zerenda  series  rocks  proves  that  the 
crust  of  North  Kazakhstan  was 
formed  in  the  Early  Proterozoic  at 
2, 2-2,3  Ga.  According  to  the  available 
Caledonian  paleogeodynamic 

reconstructions  for  Kazakhstan,  a 
break  of  the  continent  and  formation 
of  ocean  floor  occurred  in  the  Late 
Riphean  Zonenshain  et.al.,  1990) 
During  the  moving  apart  of  the 
continental  fragments,  thinning  of  the 
continental  margin  formed  by  basaltic 
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volcanism  occurred.  The  isotopic-geochemical  results  on  eclogites  allow  us  to  propose  that  the 
formation  of  the  protoliths  occurs  at  this  time  referred  to  this  stage  (Shatsky  et.al.,  1993)  In  the 
Lower  Paleozoic  (530-540  my)  the  collision  of  microcontinents  resulted  in  the  sinking  of  thinned 
crust  to  a  depth  of  about  150  km.  During  subduction  most  LREE,  Sr,  U,Th,Ta,  and  K  was 
removed  from  the  subducted  crust  due  to  partial  melting.  The  uplift  of  the  diamondiferous  rocks 
to  a  crustal  level  has  proceeded  with  velocities  no  less  then  10  mm/year.  The  uplift  of  a  hot  plate 
into  the  earth’s  crust  must  have  produced  the  melting  of  rocks  which  earlier  underwent  a  low- 
grade  metamorphism.  The  interaction  of  newly  formed  melts  and  their  related  fluids  with 
diamondiferous  rocks  resulted  in  the  formation  of  biotite  gneisses,  schists  and  migmatite  The 
rocks  attained  their  final  appearance  after  the  superimposed  greenschist  facies  metamorphism. 
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PECULIARITIES  OF  EARLY-GERTSINSK  TECTONIC-MAGMATIC  t  *  'T  VIZ  AT I ON 
OF  THE  EASTERN-EUROX EAN  PLATFORM  NORTH. 

V.S.  Shchukin  (1)  and  S.M.Sablukov  (2). 

(1)  State  Enterprise  "Arkhangelskgeologia"  #16S  Pr.Troitsky, 
Arkhangelsk,  163001,  Russia. 

(2)  TsNIGRI  #  129  B  Varshavsky  Road,  Moscow, 113545 ,  Russia. 

The  basic  structural  plan  of  the  Archean  basement  of  the  North  of 
Eastern-European  platform  was  formed  during  the  Riphean  period  the 
time  when  reef  structures  of  the  Northern-Western  strike  were 
completing  its  active  development. 

The  beginning  of  a  platform  sedimentary  cover  development  is 
connected  with  large  trough  (syneclise)  development  of  the  earth 
crust  in  early  Vendian  time.  Riphean  structures  are  overlapped  with 
practically  unbroken  cover  of  Vendian  sediments  of  considerable 
thickness.  The  Vendian  structural  substages  have  a  near-meridional 
orientation  what  corresponds  the  common  tendency  of  tectonic 
territory  development.  During  the  Early  Paleozoic  period  the 
territory  was  subjected  to  smooth  vertical,  positive  and  negative 
movements,  however  the  common  structural  plan  of  sedimentary  cover 
development  did  not  change  until  Middle-Devonian  period. 

At  the  end  of  Middle-Devonian  period  the  Riphean  development 
structures  activated  rapidly,  Kola-Kuloy  Block  and  Timan  were 
uplifted  and  the  process  was  accompanied  by  a  demonstration  of 
basaltic,  alkaline  and  aikaline-ultrabasic  including  kimberlite 
magmatism  (figure  .1) . 

Nowadays  kimberlite  volcanism  was  detected  within  Kola-Kuloy  Block 
and  Timan.  The  types  of  volcanic  manifestations  are  extremely 
various:  there  are  explosion  pipes  with  well-expressed  crater 
parts,  multi-staged  sill  beds,  dike-  and  stock-like  bodies. 

In  every  kimberlite  areas  the  volcanic  rocks  form  regular 
differentiated  series  and  take  up  a  certain  part  of  unified  rock 
series  according  to  an  ultra-basicity  degree  decrease  from  diamond¬ 
bearing  kimberlites  till  melilitites,  picrites  and  basalts.  The 
differences  among  volcanic  rock  series  are  conditioned  by 
peculiarities  of  original  rock  of  a  fusible  mantle 
substratum. 

Within  the  Belomor-Kuloy  plateau  2  contrary  series  of  volcanic 
rocks  are  detected:  aluminiferous  and  f errum-titanium  series  . 

Volcanic  rocks  of  Onega  Peninsula  belong  to  Al-series  ,  Terskiy 
Coast  rocks  and  Middle  Timan  rocks  form  rock  series  of 
intermediate  type  with  signs  of  Al-series  as  well  as  Fe-Ti-series . 
A  diamond-bearing  level  of  each  volcanic  series  kimberlite  rocks 
is  conditioned  by  a  approach  degree  of  their  modal  and  chemical 
composition  to  the  composition  of  original  diamond-bearing 
hypersubsilicics  of  a  fusible  mantle  substratum. 

In  the  whole  the  North  of  Eastern-European  platform  is 
characterized  by  a  close  spatial-temporal  and  genetic  connection  of 
kimberlite  volcanism  with  melilititic  and  even  basaltic  volcanism. 
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As  a  result  of  it  there  is  a  presence  of  closely  located  volcanic 
objects  with  highly  various  signs  including  productivity.  Rocks 
similar  to  kimberlites  -  piroxeneless  olivine  melilitites  and 
piroxeneless  alkaline  picrites  can  be  indicators  of  presence  of  the 
area  diamond-bearing  kimberlites  connected  genetically. 

Unity  of  kimberlite  volcanism  within  the  area  is  confirmed  also  by 
morphology  peculiarities  of  diamond  crystals  -  a  clear  prevalence 
of  +1  mm.  grade  rounded  dodecahedron.  This  sign  is  typical  for 
primary  diamond  deposits  of  the  Belomorsk-Kuloy  plateau  and  for 
diamond  placer  deposits  in  Devonian  reservoirs  in  the  areas  close 
to  kimberlite  and  melilitite  pipes  (Middle  Timan)  as  well  as  within 
the  areas  with  not-detected  yet  possible  diamond  sources  (North 
Timan  and  Poludov  Range) . 
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Figure  1.  Tectonic  scheme  of  the  Eastern  European 

Platform  North 

I.  Areas  with  detected  alkaline-ultrabasic  magmatism:  1  -  Tersky 
Coast,  2  -  Nenoksa,  3  -  Selomor-Kulov  plateau,  4  -  Umba. 

II.  Prevalence  rounded  diamond  area  in  placer  deposit  with  an 
undetermined  primary  source:  5  -  Northern  Timan,  6  -  Polyudov 
Range . 
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CARBONADO:  A  COMPARISON  BETWEEN  BRAZILIAN  AND  UBANGUI  SOURCES 
BASED  ON  CARBON  AND  NITROGEN  ISOTOPES. 

D.  Shelkov*,  A.B.  Verchovskyl,  H.J.  Milledge^  and  C.T.  Pillinger^. 

1.  Dept,  of  Earth  Sciences,  The  Open  University,  Walton  Hall,  Milton  Keynes,  MK7  6AA,  UK, 

2.  Department  of  Geology,  University  College,  Gower  Street,  London. 

Introduction:  Carbonado  has  been  known  as  a  polycrystalline  form  of  a  diamond  since  at  least 
1840's  (Trueb  and  de  Wys,  1971).  It  was  first  discovered  and  mined  as  a  placer  mineral  in 
Sincoro  county  in  Brazil.  Subsequently  it  has  been  found  as  a  placer  in  the  States  of  Bahia, 
Parana  and  Minas  Gerais  (Trueb  and  de  Wys,  1969;  Kaminsky,  1991)  and  is  known  from  other 
areas  particularly  in  Venezuela  (Gran  Sabana  region)  and  Ubangui  region  (Berberati,  Carnot, 
Nola  in  the  West  Ubangui  and  Ouadda,  N'Dele  in  the  East  Ubangui)  of  the  Central  African 
Republic,  where  the  name  "carbon"  (Trueb  and  de  Wys,  1971)  is  more  common.  On  the  basis  of 
previous  studies  several  hypotheses  for  the  formation  of  carbonado  have  been  put  forward 
including:  (i)  impact  origin  (Smith  and  Dawson,  1985);  (ii)  formation  under  influence  of 
radiation  by  transformation  of  carbon  rich  material  (Kaminsky  et  al.  1987);  (iii)  growth  in 
kimberlites  with  a  long  crustal  history  (Kagi  et  al.  1994).  In  respect  of  the  impact  origin,  we 
recently  suggested  (Shelkov  et  al.  1994)  that  Brazilian  and  Ubangui  carbonados  might  have  a 
common  provenance,  the  link  being  a  giant  crater,  proposed  to  explain  the  magnetic  anomaly 
spread  over  700,000km2  of  Central  Africa  (Girdler  et  al.  1992).  This  feature  is  Precambrian  in 
age;  plate  tectonic  processes  may  have  subsequently  separated  the  diamonds  generated.  No  one 
explanation  is  completely  satisfied  in  terms  of  previous  observations  concerning  carbonado  eg. 

REE  patterns,  5^C  values  and  radiogenic  noble  gases  (Ozima  et.  al.  1991,  Kaminsky,  1991  and 
Kagi  et  al.  1994).  The  current  work  reports  new  data  aimed  at  identifying  links  between  the  two 
populations  of  carbonados.  For  reference,  we  also  report  some  results  for  other  forms  of 
polycrystalline  diamond. 

Samples  and  experimental  technique:  Herein  we  investigate  nitrogen  abundance  and  its 
isotopes  with  carbon  isotopic  composition  for  samples  of  carbonado  from  Ubangui  and  Brazil 
along  with  specimens  of  framesite  from  the  Jwaneng  and  Orapa  kimberlite  pipes  (Botswana) 
shock  diamonds  from  the  Popigai  crater  and  a  sample  of  Yakutite  (a  distinct  form  of  carbonado 
from  Siberia).  Samples  were  prepared  prior  to  analysis  by  either  chemical  (perchloric  acid) 
treatment  with  further  preheating  (1 150°C  -  4  hours)  or  just  preheating  (1 150°C  -  4  hours)  under 
vacuum.  Extraction  of  C  and  N  was  accomplished  by  bulk  combustion  at  1 150°C.  N  abundance 
and  isotopic  composition  were  measured  by  static  mass  spectrometer  and  C  isotope  ratio  by 
dynamic  mass  spectrometer.  Reproducibility  of  the  measurements  as  indicated  by  investigation 

of  an  internal  diamond  standard  (diamond  powder  10-15  microns),  813C  =  -11±  0.4%c,  5^N  = 
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-41  Q.5%o ,  N  abundance  =  1050±  50ppm;  the  errors  are  la  calculated  from  10  measurements. 

§15n  values  of  standards  and  samples  are  blank  corrected  and  adjusted  for  non-nitrogen 
contributions  estimated  from  the  ion  m/z  =  30. 

Results:  Our  results  are  summarised  in  the  Table.  There  is  essentially  no  difference  between 
our  5  for  individual  Brazilian  carbonado  and  the  results  obtained  by  Galimov  et  al.  (1985). 
Based  on  our  data,  carbonado  from  Ubangui  are  indistinguisable  from  those  collected  in  Brazil  in 
respect  of  8 13c,  N  abundance  and  One  sample  from  Ubangui  was  so  different  from  all 

the  others  (8 13c  = -6 %o  (repeated  measurements)  Sl^N  =  22 %o  as  to  be  totally  unrelated  to  the 
main  dataset;  the  cause  of  this  huge  discrepancy  is  presently  unknown. 

Whereas  Brazilian  and  Ubangui  carbonados  are  similar  they  can  easily  be  discerned  from 
framesites  which  have  a  higher  N  abundance  and  are  enriched  in  13c  and  l^N  isotopes.  We 
were  unable  to  distinguish  framesites  from  different  kimberlite  sources.  Both  the  Jwaneng  and 
Orapa  pipes  contain  normal  single  crystal  diamond  with  isotopic  compositions  similar  to  the 
framesites  studied  here.  We  did  not  encounter  any  of  the  isotopically  heavier  framesites 
measured  by  others  (Kirkley  et  al.  1991).  The  Popigai  and  Yakuite  specimens  are  even  more 

13c  enriched;  our  Yakutite  had  a  8*3c  similar  to  many  specimens  measured  by  Galimov  (1978). 
Popigai  samples  were  extremely  low  in  nitrogen  (two  could  not  be  measured,  <  5ppm)  but  our 
Yakutite  had  about  he  same  amount  of  nitrogen  as  Brazilian  and  Ubangui  carbonados;  previous 
workers,  on  the  basis  of  infrared,  have  suggested  the  Yakutite  might  have  very  low  N.  More 
details  of  studies  involving  Popigai/Y akutite  will  be  reported  elsewhere. 


Source 

5*3c 

N  (ppm) 

Sl5N 

;  §i3c** 

Ubangui 

-26.32  ±1.08  (n=5) 

67  +  10(n=4)* 

3.4  ±  2.6  (n=4)* 

-26.77  1  2.54  (n=  18) 

Brazil 

-27.9311.26  (n=6) 

59+  18  (n=4)* 

2.3  +  2.8  (n=4)* 

Framesites 

-21.20  ±2.36  (n=9) 

122±  18  (n=4)* 

6.2  +  4.0  (n=9) 

Popigai 

Crater 

-20.401  1.1  (n=3) 
-10.811.5  (n=7) 

27+  8  (n=5)t 

6.1  ±3.7  (n=6) 

Yakutite 

-13.3  (n=l) 

65  (n=l) 

1  (n=l) 

-14.612.68  (n=31) 

*  For  the  purposes  of  averaging,  samples  more  than  3a  away  from  the  mean  are  ignored. 

**  From  Kaminsky,  Oral  Presentation  5th  Kimberlite  Conference, 
t  Some  samples  insufficient  for  nitrogen 
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Discussion:  The  current  study  is  based  on  only  a  limited  number  of  diamonds.  However,  the 
isotopic  similarity  between  two  populations  of  carbonado  leads  us  to  believe  that  formation  of 
both  the  Brazilian  and  Ubangui  stones  took  place  in  closely  related,  if  not  the  same,  event(s). 

The  reservoir  C  and  N  isotopic  composition  of  carbonado  suggests  some  connection  with  a 

crustal  reservoir  of  carbon  because  both  8^N  and  8^C  are  in  the  range  for  organic  materials. 

According  to  recent  data,(  Mathez  et.  al.  1995),  moissanite  from  kimberlites  has  a  similar  5^C 
range,  but  low  values  are  quite  rare  for  diamonds  from  kimberlites.  There  are  differences  in  N 
and  Ar  content  compared  to  impact  diamonds  from  the  Popigai  crater  and  whilst  this  does  not 
support  the  impact  hypothesis,  it  does  not  deny  it  either.  The  mechanism  for  production  of 
diamonds  during  catastrophic  events  is  by  no  means  clear  (Hough  et.  al.  1995)  and  the 
contributions  of  carbon  from  the  impactor  vs  the  target  are  unresolved.  So  far  N  abundance  and 
isotopes  do  not  provide  the  means  to  divide  groups  of  polycrystalline  diamonds  unambiguously; 
this  may  be  due  to  measurement  difficulties  for  low  concentrations  or  poor  sampling  statistics. 
Given  that  eclogitic  type  of  diamonds  may  have  been  produced  from  crustal  carbon  sources,  it 
may  be  difficult  to  distinguish  different  processes  where  the  crust  is  involved. 

At  the  moment  the  best  evidence  that  carbonados  are  of  impact  origin  may  be  the  morphological 
apprearance  of  the  specimens  (Shelkov  et.  al.  1995)  which  have  a  surface  layer  explicable  only  in 
terms  of  highly  unequilibrated  processes.  Impact  is  one  of  the  few  naturally  known 
circumstances  capable  of  producing  the  high  P  and  T  conditions  required  for  formation  or 
transformation  of  diamond. 
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CURRENT  RESEARCH  ON  DIAMONDS  AT  THE  GEMOLOGICAL  INSTITUTE 
OF  AMERICA 


Shigley,  J.E. 

GIA  Research,  Gemological  Institute  of  America  (GIA),  1660  Stewart  Street, 
Santa  Monica,  CA  90404-4088,  USA 

By  the  time  that  diamonds  enter  the  jewelry  industry,  their  geological 
provenance  is  often  unknown,  and  in  most  cases,  it  cannot  easily  be 
ascertained.  As  a  consequence,  it  is  usually  not  an  important  issue  for  most 
members  of  the  jewelry  trade.  Gemological  research  on  diamonds  at  GIA 
encompasses  technical  questions  that  arise  from  the  particular  needs  of  the 
jewelry  industry.  These  questions  typically  revolve  around  several  important 
issues,  which  include: 

(1) .  what  is  its  identity  -  is  it  a  natural,  synthetic,  or  laboratory-treated 
diamond? 

(2) .  if  it  is  faceted,  what  quality  grade  would  the  diamond  receive  on  a 
laboratory  grading  report? 

(3) .  how  does  the  cutting  style  influence  the  diamond's  appearance? 

Gem  diamond  identification  can  present  challenges  for  members  of  the 
jewelry  trade  for  several  reasons.  First,  the  identity  of  any  gemstone  is  closely 
related  to  its  commercial  value  (which,  for  some  natural  gem  diamonds,  can  be 
hundreds  of  thousands  of  dollars  per  carat).  Second,  while  synthetic  diamonds 
have  so  far  posed  little  threat  since  they  are  not  yet  a  commercial  reality  as 
gemstones,  treated  natural  diamonds  are  regularly  encountered  in  the  trade.  To 
maintain  their  business  reputation,  jewelers  must  (and  want  to)  disclose  identity 
information  on  the  gem  diamonds  they  sell.  However,  jewelers  do  not  always 
have  an  understanding  of  the  gemological  means  to  identify  certain  treated  and 
synthetic  diamonds  and  other  gem  materials. 

Establishing  whether  a  gem  diamond  is  a  natural  stone,  a  synthetic 
diamond  (that  is,  one  grown  in  a  laboratory),  or  has  been  treated  by  some  means 
(such  as  irradiation  and  heating)  to  alter  its  color  or  appearance,  involves  both 
basic  and  more  advanced  gemological  testing  equipment  and  procedures.  The 
former  includes  examination  with  a  microscope,  photography  of  inclusions  or 
other  microscopic  features,  and  documentation  of  basic  properties  such  as 
ultraviolet  fluorescence.  At  the  GIA  Research  Department,  the  latter  testing 
methods  used  for  diamonds  consist  of  visible,  infrared,  and  luminescence 
spectroscopy,  cathodoluminescence,  energy-dispersive  X-ray  fluorescence 
(EDXRF)  chemical  analysis,  and  X-radiography.  Because  of  the  potential  high 
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value  of  gemstones,  all  characterization  techniques  must  be  non-destructive. 
While  some  data  on  the  gemological  properties  and  identifying  features  of 
diamonds  are  available  in  the  published  literature,  such  information  tends  to  be 
scattered,  incomplete,  and  possibly  incorrect.  As  a  result,  GIA  researchers  have 
systematically  assembled  a  database  of  information,  taken  from  both  published 
sources  and  our  own  work,  to  support  practical  gem  diamond  identification. 

Laboratory  treatments  are  used  to  change  either  the  appearance  (i.e., 
clarity)  or  color  of  diamonds.  Currently,  the  most  widespread  process  is  the  one 
in  which  a  transparent,  glass-like  material  (with  a  high  index  of  refraction  (R.l.) 
similar  to  that  of  diamond)  is  injected  into  tiny  surface-reaching  fractures  in  a 
faceted  diamond.  The  presence  of  this  filler  material  makes  the  fractures  much 
less  visible.  These  so-called  "fracture-filled"  treated  diamonds  can  be  identified 
by  the  distinctive  dispersion  colors,  displayed  by  the  filled  fractures,  that  can  be 
seen  using  10X  magnification.  The  presence  of  this  filler  material,  which  often 
contains  heavy  elements  such  as  Pb  and  Bi,  can  also  quickly  be  confirmed  by 
EDXRF  chemical  analysis  or  X-radiography  of  the  diamond. 

Treated-color  diamonds  (mostly,  yellow,  green,  or  blue)  are  also 
encountered.  Depending  upon  the  impurities  present  (mainly  nitrogen), 
irradiation  and  sometimes  heating  can  produce  atomic-level  defects  known  as 
color  centers  in  the  diamond.  Such  treated-color  diamonds  can  often  be 
recognized  by  their  color,  by  an  uneven  color  appearance  that  is  related  to  their 
faceted  shape,  and  more  importantly,  by  specific  absorption  bands  in  their  visible 
or  infrared  spectra. 

Single-crystal  synthetic  diamonds,  up  to  several  carats  in  weight,  are 
grown  at  high  pressures  and  temperatures  from  a  metal  alloy  flux.  Over  the  past 
eight  years,  we  have  documented  the  distinctive  gemological  features  of  over 
100  gem-quality  synthetic  diamonds  produced  by  all  major  manufacturers. 
Synthetic  diamonds  can  be  recognized  by  features  that  result  from  the 
development  of  internal  growth  sectors  that  can  contain  differing  impurity 
contents.  For  colored  synthetic  diamonds  (mainly  yellow;  sometimes  blue), 
these  distinctive  features  include  uneven  color  distribution,  opaque  inclusions  of 
flux  metal,  and  slight  differences  in  R.l.  within  or  between  growth  sectors.  When 
these  differences  in  R.l.  can  be  seen  in  a  diamond,  they  are  described  by 
gemologists  as  "graining";  in  a  synthetic  diamond,  they  usually  form  an 
intersecting  pattern  of  graining  in  the  shape  of  a  "funnel"  or  an  "hourglass". 

These  diagnostic  features  also  include  yellow  to  yellow-green  fluorescence  that 
is  usually  more  intense  to  short-wave  than  to  long-wave  ultraviolet,  and  that 
exhibits  a  growth  sector-related  pattern.  The  visible  and  infrared  spectra  may 
display  distinctive  absorption  bands,  while  chemical  analysis  will  reveal  traces  ol 
the  flux  metals  (usually,  Fe,  Co,  or  Ni).  Several  synthetic  diamonds  with  a  red 
color  due  to  irradiation  and  annealing  treatment  have  also  been  reported. 
Colorless  synthetic  diamonds  exhibit  flux  metal  inclusions,  unevenly  distributed 
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yellow  to  green-yellow  fluorescence  to  short-wave  ultraviolet,  and  yellow 
phosphorescence  that  persists  for  as  much  as  a  minute  or  more  once  the 
ultraviolet  lamp  is  turned  off. 

Faceted,  natural  gem  diamonds  are  quality  graded  in  terms  of  both  their 
clarity  and  color  under  controlled  lighting  and  viewing  conditions.  According  to 
the  GIA  system,  clarity  grades  are  based  on  the  visibility  of  inclusions  or  other 
features  see  under  10X  magnification.  The  more  common  colorless-to-light 
yellow  diamonds  are  color  graded  face-down,  and  are  evaluated  based  on  the 
relative  absence  of  yellow  color.  Natural  colored  diamonds  (i.e.,  pink,  blue, 
green,  intense  yellow,  etc.)  are  graded  face-up  depending  on  the  relative 
presence  of  color. 

Research  at  GIA  on  diamond  grading  has  focused  on  issues  related  to 
color  observation,  such  as  the  type  of  lighting,  design  of  the  viewing 
environment,  and  investigation  of  diamond  color  by  visual  comparison  with 
various  reference  materials.  In  addition,  efforts  are  currently  underway  to 
evaluate  or  develop  instruments,  such  as  colorimeters  and  spectrophotometers, 
that  can  be  used  for  color  measurement  of  faceted  diamonds.  One  very 
important  goal  of  these  efforts  is  to  relate  visual  and  instrumentally  measured 
color  grades  for  a  particular  faceted  diamond. 

The  cutting  style  affects  the  market  value  of  a  faceted  diamond.  We  have 
been  developing  a  computer  graphics  imaging  program  to  model  the  interaction 
of  light  with  a  faceted  diamond  while  taking  into  account  all  relevant  physical 
factors.  This  imaging  program  will  enable  us  to  address  questions  dealing  with 
diamond  appearance  and  cutting  style. 

Diamond  research  at  GIA  is  an  ongoing  effort  to  better  understand  the 
gemological  properties  of  this  most  important  gemstone.  As  diamond  is  the 
foundation  of  the  international  jewelry  industry,  its  study  continues  to  remain  the 
basis  of  our  research  program  as  summarized  here. 
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GEOCHEMICAL  CHARACTERISTICS  OF  MANTLE  XENOLITHS  FROM  THE 
UDACHNAYA  KIMBERLITE  PIPE. 
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3.  Geophysical  Laboratory,  Carnegie  Institution  of  Washington,  Washington,  D.  C. 
20015,  USA 

4.  Department  of  Geological  Sciences,  University  of  Durham,  Durham,  UK 

Geochemical  characterization  of  kimberlite-borne  mantle  xenolith  suites  is 
essential  for  understanding  processes  and  evolution  of  the  continental  lithosphere. 
The  present  study  was  undertaken  to  provide  a  comprehensive  trace  element  data 
base  for  a  suite  of  xenoliths  from  a  single  kimberlite  pipe.  Emphasis  is  placed  on 
documentation  of  trace  element  abundances  in  garnets  and  diopsides  in  peridotitic 
xenoliths  with  a  range  of  pressure  and  temperature  conditions  from  the  Udachnaya 
kimberlite  pipe  where  an  isotopic  study  of  xenoliths  (Pearson  et  al.,  1995)  and  a  trace 
element  study  of  diamond  inclusion  garnets  (Shimizu  et  al.,  this  volume)  are 
ongoing. 

A  Cameca  IMS  3f  ion  probe  at  Woods  Hole  Oceanographic  Institution  was 
used  with  a  spatial  resolution  of  approximately  20  |im  for  REE  (  La,  Ce,  Nd,  Sm,  Eu, 
Dy,  Er,  Yb)  and  8  Jim  for  Ti,  V,  Sr,  Y,  and  Zr.  Analytical  uncertainties  range  from  10 
~  20  %  for  REE  and  5  ~  10  %  for  the  other  trace  elements. 

Peridotite  xenoliths  analyzed  (a  total  of  ~30)  include  coarse-grained  spinel 
peridotites,  and  garnet  peridotites  with  both  granular  and  sheared  textures.  Trace 
element  abundance  patterns  of  garnets  (deep  red  in  color)  and  diopsides  in  high- 
temperature  peridotites  are  similar  to  those  of  the  southern  African  counterparts 
(e.g.,  Shimizu,  1975),  whereas  some  high-temperature  sheared  peridotites  (e.g., 
Uvl21/91:  1259°C,  6.5  GPa;  Pearson  et  al.,  1995)  contain  purple  garnets  with  sinuous 
REE  patterns  typical  of  low-temperature  coarse  peridotites  in  southern  Africa.  There 
is  a  group  of  coarse  garnet  peridotites  which  are  extremely  depleted  in  REE  and 
other  trace  elements.  Both  garnet  and  diopside  are  light  REE-depleted, 
concentrations  between  0.05  and  2  times  chondrite,  and  extremely  low 
concentrations  for  Ti  (~10  ppm  in  both  garnet  and  diopside)  and  Sr  (0.5  ppm  in 
diopside).  Garnet  peridotites  with  these  characteristics  have  not  been  encountered 
in  the  Kaapvaal  craton. 


524 


Distributions  of  trace  elements  between  garnets  and  diopsides  as  well  as 
zoning  patterns  of  garnets  will  be  used  to  discuss  timing  and  processes  responsible 
for  the  present-day  mineral  chemistry  in  the  xenoliths. 

Pearson,  D.  G.,  Shirey,  S.  B.,  Carlson,  R.  W.,  Boyd,  F.  R.,  Pokhilenko,  N.  P.  and 
Shimizu,  N.  (1995)  Geochim.  Cosmochim.  Acta,  59,  959-977. 

Shimizu,  N.  (1975)  Earth  Planet.  Sd.  Lett.,  25,  26-32. 
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CHEMICAL  HETEROGENEITIES  OF  PERIDOTITIC  INCLUSION  GARNETS  AND 
JUVENILITY  OF  DIAMONDS. 

Shimizu,  N.1  ,  Sobolev,  N.  V.  2  ,  Yefimova,  E.  S.2 

1.  Department  of  Geology  and  Geophysics,  Woods  Hole  Oceanographic  Institution, 

Woods  Hole,  MA  02543,  USA 

2.  Institute  of  Mineralogy  and  Petrography,  Siberian  Branch,  Russian  Academy  of 

Sciences,  Novosibirsk,  Russia 

Geochemical  studies  of  mineral  inclusions  in  diamonds  have  contributed  to  our 
understanding  of  mechanisms  and  timing  of  diamond  formation,  and  geochemical 
processes  in  the  continental  lithosphere  in  general  (e.g.,  Sobolev,  1977;  Meyer  and 
Boyd,  1972;  Gurney  et  al.,  1979;  Richardson  et  al.,  1984;  Griffin  et  al.,  1993;  Shimizu 
and  Richardson,  1987;  Rudnick  et  al.,  1993;  among  others). 

There  are  intriguing  features  in  geochemistry  of  peridotitic  diamond  inclusion 
minerals.  For  instance,  it  has  been  shown  that  chemical  variations  among 
inclusion  minerals  are  very  large  in  individual  kimberlite  pipes  (e.g.,  Shimizu  et  al., 
1989;  Griffin  et  al.,  1993)  or  even  in  a  single  diamond  host  (Sobolev  et  al.,  1989).  Did 
inclusion  minerals  (and  thus  host  diamonds)  form  at  a  wide  range  of  temperature 
and/or  from  chemically  diverse  media  on  small  spatial  and  temporal  scales  ?  Rare 
earth  element  (REE)  abundance  patterns  measured  in  peridotitic  inclusion  garnets 
(Shimizu  and  Richardson,  1987;  Shimizu  et  al.,  1989)  are  quite  dissimilar  to  those  of 
peridotitic  and  megacrystic  mantle  garnets,  adding  another  dimension  to  the  puzzle. 
Better  understanding  of  these  and  other  geochemical  features  of  diamond  inclusion 
minerals  would  enhance  usefulness  of  the  unique  "time  capsules". 

Emphasis  of  this  study  is  placed  on  a  detailed  documentation  of  trace  element 
variabilities  in  peridotitic  diamond  inclusion  garnets  on  small  sampling  scales,  i.e., 
within  individual  garnets,  among  discrete  grains  from  a  single  diamond  host,  and 
within  individual  kimberlite  pipes. 

A  Cameca  IMS  3f  ion  probe  at  Woods  Hole  Oceanographic  Institution  was  used 
with  a  spatial  resolution  of  approximately  20  fim  for  REE  (La,  Ce,  Nd,  Sm,  Eu,  Dy,  Er, 
Yb)  and  8  Jim  for  Ti,  V,  Sr,  Y  and  Zr.  Analytical  uncertainties  range  from  10  ~  20  % 
for  REE  and  5  ~  10  %  for  the  other  trace  elements.  More  than  30  garnet  crystals  from 
15  diamonds  from  Mir,  Udachnaya  and  Aikhal  kimberlite  pipes  were  analyzed;  5 
samples  were  analyzed  for  more  than  2  grains  from  a  single  host  for  possible  within- 
stone  heterogeneities,  and  18  grains  were  analyzed  on  more  than  5  spots  for  possible 
within-grain  heterogeneities. 

Salient  features  of  the  results  are  summarized  as  follows: 

(1)  Chondrite-normalized  REE  patterns  vary  from  strongly  light  REE-depleted 
patterns  typical  of  mantle  garnets  to  variably  sinuous  ones  with  general  light  REE 
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enrichment  as  observed  previously  (e.g.,  Shimizu  and  Richardson,  1987).  Samples 
from  the  Mir  pipe  (MR129/15,  Av49,  MR92/9  and  MR717)  cover  the  entire  range, 
showing  large  local  variabilities.  The  observed  range  in  147Sm/144Nd  (0.793  ~  0.105' 
for  the  Mir  samples  could  produce  significant  variations  in  143Nd/144Nd  among 
samples  from  individual  pipes,  depending  on  the  age  of  diamond  formation. 

(2)  Sr  contents  are  highly  variable  (  a  total  range  of  0.4  ~  665  ppm)  and  generally 
much  higher  than  most  peridotitic  and  megacry  Stic  mantle  garnets  (  <  1  ppm), 
consistent  with  the  observation  by  Griffin  et  al.,  (1993).  The  partitioning  of  Sr 
between  garnet  and  melt  (fluid)  suggests  either  extremely  unrealistic  crystallization 
media  or  disequilibrium  distribution  of  Sr  during  crystal  growth. 

(3)  Among  discrete  garnet  grains  from  a  single  diamond  host,  REE  patterns  are 
broadly  similar,  but  elemental  concentrations  can  vary  more  than  a  factor  of  5. 
Largest  variations  are  found  for  light  REE,  which  are  generally  mirrored  by  those  in 
Sr. 

(4)  Individual  garnet  crystals  are  often  chemically  heterogeneous.  Among  18  grains 
analyzed  more  than  5  spots,  13  show  Sr  variations  greater  than  a  factor  of  2,  7  grains 
greater  than  a  factor  of  5,  and  5  grains  are  found  to  be  heterogeneous  by  more  than  a 
factor  of  10.  The  largest  within-grain  variation  was  found  in  one  of  5  grains  in  Av49 
from  Mir,  in  which  Sr  varies  from  2.2  to  665  ppm.  An  area  approximately  50  x  30 

pm  within  a  total  grain  size  of  200  x  150  pm  appears  to  have  Sr  contents  greater  than 
50  ppm,  which  rapidly  decreases  to  a  "base  level"  of  2.2  ppm  within  a  distance  of  50 
pm.  High  Sr  is  generally  accompanied  by  enrichment  in  light  REE. 

The  observed  large  chemical  heterogeneities  on  small  spatial  and  presumably 
temporal  scales  can  be  interpreted  as  reflecting  disequilibrium  trace  element 
distribution  during  fast  growth  of  garnets.  The  Sr  zoning  places  a  limit  for  a  period 
of  time  in  which  diffusional  homogenization  could  have  taken  place.  Based  on  the 
experimental  data  of  Sr  diffusion  in  garnet  at  temperatures  appropriate  for  diamond 
formation  (Coghlan,  1990),  it  is  concluded  that  a  grain  with  a  radius  of  100  pm 
would  be  homogenized  in  less  than  100,000  years.  It  is  therefore  suggested  that  the 
peridotitic  garnet  inclusions  from  the  Siberian  kimberlites  (and  host  diamonds) 
crystallized  immediately  prior  to  eruption  of  kimberlites.  The  fact  that  majority  of 
garnets  studied  here  display  significant  internal  heterogeneities  strongly  support  the. 
contention.  The  "ancient"  isotopic  signatures  (Richardson  et  al.,  1984;  Pearson  et 
al.,  1995)  and  the  juvenility  suggest  that  garnets  were  derived  from  local  old 
lithospheric  materials  through  young  metamorphic  reactions. 

Coghlan,  R.  A.  N.  (1990)  Ph  D.  Thesis,  Brown  University. 
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Yefimova,  E.  S.  (1993)  Lithos,  29,  235-256. 
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NEW  PETROLOGICAL-GEODYNAMIC  MODEL  FOR  THE  ORIGIN  OF  KIMBERLITES  AND 
DIAMOND 

V.S.Shkodzinsky 

Yakut  Institute  of  Geosciences,  Siberian  Branch,  Russian  Academy  of  Sciences,  Yakutsk,  677891  Russia 

On  the  basis  of  published  experimental  and  petrological  data  and  his  own  method  (Shkodzinsky, 
1985),  the  author  has  calculated  quantitative  models  for  the  evolution  of  kimberlite  magmas  during  nse 
and  solidification  and  for  the  formation  of  their  source  substrates  and  diamond.  The  models  have  revealed 
some  so  far  unknown  phenomena  in  kimberlite  magmas  and  shed  new  light  on  processes  of  kimberlite 
and  diamond  generation 

The  calculated  phase  PT  diagram  demonstrates  that  under  high  pressure  the  solid  phase  content  of 
kimberlite  magmas  (like  other  magmas)  strongly  increases  (Imes  A,  E,  Figure)  and  in  zones  of  their 
origin  they  turn  into  identical  in  composition,  primarily  solidphase  substrates.  Therefore,  these  magmas 
result  from  remelting  of  such  substrates  with  frictional  heating-up  in  deep  tectonic  shear  faults  (areas  1-3 
on  line  Jf)  and  decompression  during  rise  (areas  4  and  5)  That  is,  kimberlite  magmas  have  a 
decompressional-frictional  origin.  This  is  confirmed  by  subsolidus  (usually  900-1200°  C)  rather  than 
subliquidus  (1500-1700°  C)  temperatures  of  deep  mineral  equilibrium  in  kimberlites  and  diamond;  the 
presence,  in  kimberlites,  of  high-density  inclusions  that  failed  to  settle  in  viscous,  predominantly  solid- 
phase  migmas  at  depth;  the  presence  of  inverse  zoning  in  some  deep-seated  minerals  of  kimberlites,  caused 
by  the  path  of  melting  processes  during  magma  rise;  the  presence  of  carbonate  inclusions  and 
incompatible-component  rich  minerals  in  diamond  due  to  its  generation  in  kimberlitic  substrates. 

The  origin  of  kimberlite  magmas  in  relation  to  frictional  heating-up  explains  the  relationship  of 
kimberlite  magmatism  with  periods  of  tectonic  deformation  of  ancient  platforms,  linear  tectonic  zones, 
rift  and  syneclise  margins.  It  appears  that  the  high-temperature  parts  of  the  geotherms  with  a  kink 
obtained  from  peridotite  xenoliths  reflect  frictional  heating-up  with  origination  of  kimberlite  magmas  m 
zones  of  underthrusting  of  lower  lithosphere  blocks  as  a  result  of  spreading  out  asthenosphere  plumes.  This 
is  evidenced  by  a  direct  relationship  between  the  degree  of  tectonic  deformation  of  xenoliths  and  the 
temperature  of  mineral  equilibrium  in  them  and  between  the  depth  of  these  equilibrium  and  the  diamond 
grade  of  the  enclosing  kimberlites  (Shkodzinsky,  1995). 

With  decompressional-frictional  origin  of  magmas,  the  composition  of  kimberlites  was  mainly 
determined  by  processes  of  formation  of  their  parent  substrates  at  an  early  stage  of  the  Earth’s  history. 
According  to  the  calculated  model,  substrates  of  kimberlitic  composition  resulted  from  late,  synaccretional 
fractionation  of  deeper,  peridotite-picrite  parts  of  a  global  magma  ocean  that  appeared  from  impact  heat 
release  during  the  Earth's  formation.  These  fractionation  processes  are  responsible  for  high 
concentrations  of  light  rare  earth  elements  in  kimberlites.  Precipitation  of  high-temperature  (highly 
magnesian)  and,  sometimes,  low-temperature  (of  hydrated  carbonaceous  chondrite-type)  condensates  from 
a  protoplanet  cloud  during  these  processes  is  responsible  for  abundance  of  magnesium  and  volatiles  in 
kimberlites.  The  prerestriction  of  diamondiferous  kimberlites  to  ancient  platforms  can  only  be  explained 
by  preservation  of  kimberlitic  substrates  in  the  almost  undisturbed  ancient  mantle  lithosphere. 
Difiusional  exchange  of  components  between  peridotitic  cumulates  and  alcalic  residues  of  fractionation  of 
the  magma  ocean  is  responsible  for  mantle  metasomatosis  processes.  Diffusion  of  radiogenic  isotopes 
from  kimberlitic  substrates  into  the  enclosing  peridotites  caused  the  relatively  little  dependence  of 
"primary"  radiogenic/non-radiogenic  isotope  ratios  on  compositional  characteristics  of  kimberlites. 

During  rise  to  shallow  depths,  kimberlite  magmas  experienced  rapid  decompressional  vitrification 
(area  6  on  line  fl).  With  increasing  magma  viscosity,  narrow,  dike-like  conduits  changed  into  isometric  to 
start  the  formation  of  kimberlite  pipes;  in  contact  zones,  tear-off  of  layers  occurred.  Further  rise  witnessed 
sealing  of  high  internal  pressure  of  a  fluid  phase  by  decompressional  solidification,  increase  in  difference 
between  this  and  falling  external  pressure,  and  a  resulting  explosive  desintegration  of  the  upper 
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Figure.  PT  diagram  of  phase  composition  and  evolution  of  kimberlite  magmas  with  10  %  H20  and  10  %  CO2 
Legend:  1:  boundary  between  fields  of  different  phase  composition  and  formation  of  central  (I),  intermediate 
(II)  and  peripheral  areas  of  zoned  diamond  crystals;  2,  3:  isoconcentrates  of  melt  (2),  fluid  phase  and  H20 
(subscripts)  and  CC h.  (superscripts)  in  melt  (3);  4:  stability  boundaries  of  garnet  (Ga),  phlogopite  (FI)  and  spinel 
(Sp);  5:  geothermal  gradient  lines;  6,  7:  less  probable  (6)  and  probable  (7)  lines  of  magma  evolution  during  rise 
and  solidification.  D  -  diamond;  Gf  -  graphite;  Cb  -  carbonalite  solid  phases  under  solidus  conditions;  Kc,  Kl,  K 
-  kimberlite  solid  phase  under  solidus,  liquidus  and  intermediate  conditions.  See  explanation  in  text. 


parts  of  magma  columns  and  the  overlying  rocks  to  form  kimberlite  diatremes  and  various  breccias  (area 
7).  Autolith-free  kimberlite  breccias  formed  through  explosive  crush  of  fully  solidified  by  decompression 
magmas,  whereas  autolith-bearing  breccias  resulted  from  a  coarser  desintegration  of  less  solidified 
magmas  due  to  deeper  position  in  magma  columns  or  somewhat  different  composition. 

On  explosion,  temperatures  almost  suddenly  fell  by  300-600°  C,  due  to  adiabatic  expansion  of  a 
gaseous  phase  and  heat  transfer  to  colder  wall  rock  xenoliths.  This  prevented  xenoliths  from 
metamorphism  and  diamond  from  resorption  in  breccias.  Crushed  glass  transformed  into  serpentine  and 
carbonates  through  reaction  with  volatile  remnants. 

It  appears  that  diamond  formation  commenced  already  during  cooling  of  kimberlitic  substrates 
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(following  their  origination  from  global  magma  fractionation)  at  the  expense  of  graphite  with  decreasing 
temperature  (segment  0  on  line  J\).  This  lends  explanation  for  the  frequent  presence  of  graphite  inclusions 
in  diamond  nuclei  (Bulanova  et  al.,  1993). 

Melting  during  kimberlite  magma  generation  was  accompanied  by  strong  decrease  in  water  fugacity 
due  to  its  dissolution  in  a  melt.  In  Le  Chatellier's  principle,  this  forced  water  to  be  formed  at  the  expense  of 
other  components,  particularly  by  reducing  C02  and  CO  from  a  fluid  by  methane  and  hydrogen 
dissolved  in  sulphides,  with  the  released  carbon  crystallizing  as  diamond.  This  is  illustrated  by  a 
schematic  reaction: 

C02,  COF  +  CH4,  h2  s  ->  h2  o  l+  cd, 

where  F,  S,  L  and  D  stand  for  fluid,  sulphides,  melt  and  diamond. 

The  validity  of  this  reaction  of  diamond  formation  with  melting  is  confirmed  by  a  well-known 
reverse  reaction  of  diamond  resorption  under  the  effect  of  water  released  from  crystallization  of  kimberlite 
magmas,  as  well  as  abundant  sulphide  inclusions  in  diamond  versus  the  low  sulphide  content  of  the 
kimberlites.  Along  with  diamond  formation,  reduction  of  some  other  oxides  took  place,  which  explains  the 
presence  of  native  metal  and  carbide  inclusions  in  diamond. 

The  short  period  of  earthquakes  evidences  that  frictional  melting  in  deep  tectonic  zones  occurred  in 
pulses.  Rapid  release  of  CH4  and  H2  from  molten  (during  these  pulses)  sulphides  led  to  the  appearance, 
along  the  periphery  of  sulphide  grains,  of  zones  with  a  very  low  oxidizing  potential.  This  accounts  for  the 
nature  of  a  much  lower  oxidizing  potential  during  origin  of  many  centra!  inclusions  in  diamond  (wustite- 
iron  buffer,  Bulanova  et  al.,  1993)  compared  to  the  rock-forming  minerals  of  kimberlites  (fayalite- 
magnetite-quartz  buffer,  Ryabchikov  et  al.,  1981). 

Central  areas  of  zoned  diamond  crystals  formed  in  predominantly  solid-phase  substrates  (area  2) 
under  conditions  of  severe  deformation  with  pulses  of  frictional  melting  and  carbon  oversaturation  of  a 
melt.  This  explains  a  frequently  irregular  shape  of  the  diamond's  central  zone,  abundance  of  inclusions 
and  indications  of  plastic  deformations  in  it  and  a  highly  imperfect  structure  of  its  substance 
(Beskrovanov,  1992).  The  diamond's  peripheral  zone  crystallized  from  already  liquid  magmas  (area  4)  in 
a  carbon-depleted  medium;  hence  its  idiomorphic  shape,  rare  inclusions  and  perfect  structure. 

Temperature  fluctuations  during  magma  generation  and  compositional  heterogeneity  of  kimberlitic 
substrates  are  responsible  for  significant  variations  in  diamond  morphology  even  within  a  single  pipe. 
Poorer  solubility  of  carbon  dioxide  and  nitrogen  in  a  melt  relative  to  water  caused  their  increased 
concentration  in  all  phases  during  melting  and  a  higher  average  concentration  of  C02  and  li2  in  higher- 
temperature  octahedral  crystals  relative  to  cubic  ones. 

Inclusions  of  eclogitic  paragenesis  resulted  mainly  from  melt  solidification  products  in-between 
frictional  melting  pulses  in  the  most  readily  fusible  areas  of  kimberlitic  substrates,  which  lends  support 
for  a  high  incompatible  element  contort  of  their  minerals.  Inclusions  of  pen  oolitic  paragenesis  mainly 
consist  of  refractory  relict  minerals  of  kimberlitic  substrates,  which  explains  their  high  magnesium  and 
chromium  contorts  and  older  average  absolute  ages.  However,  these  ages  appear  to  be  exaggerated 
since  they  fell  to  consider  the  kimberlitic  rather  than  peridotitic  composition  of  the  diamond  generation 
environment. 

Diamonds  of  deep-seated  xoroliths  differ  in  origin  from  those  formed  in  kimberlite  magmas,  but  a 
little  amount  of  them  should  be  present  in  kimberlites  due  to  partial  destruction  of  xenoliths. 

Beskrovanov,  V.V.  (1992)  Onthogeny  of  Diamonds,  167  p.  Nauka,  Moscow,  (in  Russian). 

Bulanova,  G.P.,  Barashkov,  Yu.P.,  Talnikova,  S.B.,  Smelova,  G.B.  (1993)  Natural  Diamond  - 
Genetic  Aspects,  167  p.  Nauka,  Novosibirsk,  (in  Russian). 

Ryabchikov,  ID,  Green,  F.K.,  Wall,  V.J.,  Brane  G.P  (1981)  Oxidation  State  of  Carbon  within 
Lower  Velocity  Zones.  Geohimiya,  2,  221-232  p.  (in  Russian). 

Shkodzmsky,  V.S.  (1983)  Phase  Evolution  of  Magmas  and  Petrogenesis,  232  p.  Nauka,  Moscow. 

(in  Russian). 

Shkodzinsky,  V.S.  (1995)  Origin  of  Kimberlites  and  Diamond,  165  p.  Yakutsk,  (in  Russain). 

531 


TYPES  OF  ECLOGITE  PALEOGEOTERMS  IN  THE  UPPER  MANTLE 
Simakov1, S.K. 

1.  Russian  Geological  Research  Institute;  Sredny  prosp.  74, 

St . Peter sburg ,  199026,  Russia 

The  knowledge  of  the  equilibration  conditions,  temperature 
and  pressure  of  eclogite  garnet-clinopyroxene  rocks,  is  required 
to  solve  the  fundamental  problems  of  their  origin  and  dynamics  in 
the  upper  mantle.  The  lack  of  reliable  barometers  for  the 
bimineralic  garnet-clinopyroxene  rocks  makes  estimation  of 
pressure  difficult.  Early  Newton  (1986)  proposed  a  geobarometer 
for  group  B  and  group  C  eclogites  (Coleman  et  al.,  1965),  that 
requires  the  presence  of  a  third  phase,  quartz.  Mantle  eclogites 
(group  A  by  Colleman  et  al.,  1965)  are  most  bimineralic  and 
characterized  by  high  Na  and  Al  contents  in  clinopyroxenes. 

Model  of  garnet-clinopyroxene  barometer  for  deep  mantle 
eclogites  were  developed  on  the  base  of  the  reaction  (Simakov, 
1995) : 

Ca3Al2Si3012  +  2Mg3Al2Si3012  +  4XSiC>2  +  XNa20  -  2XNaAlSi2Og  + 

Gross  Pyr  Jad 

0.5(l+X)CaMgSi2O6  +  0 . 5 ( 11-X) MgSi03  +  (3-X) CaAl2Si06 

Diop  CEnst  CaTs 


Thermochemical  data  for  this  reaction  are  taken  from  database  of 
Berman  (1988) .  Pyrope  and  grossular  activities  in  garnet  are 
calculated  in  accordance  with  Moecher  et  al.  (1988)  model 
(because  in  this  model  «Gr  is  independent  of  pressure) .  Pyroxene 

activities  are  taken  from  the  models  of  Navrotsky  (1987)  and 
Holland  (1990) .  Activities  of  Na2Q  and  Si02  are  assumed  as  1. 

Molar  volumes  for  pyrope  and  grossular  components  in  garnet  and 
for  chermakite,  diopside  and  clinoenstatite  components  in 
pyroxene  are  taken  from  the  models  of  Aranovich  (1991)  and 
Mukhopadhyay  (1991) .  Jadeite  molar  volume  is  calculated  from 
assumption  of  Jad-Diop  ideal  solution.  The  model  of 
geothermobarometer  was  calibrated  on  the  base  of  experimental 
data  of  Akella  (1976),  Green  and  Adam  (1991)  and  Kato  (19g9) , 
which  cover  interval  in  temperatures  from  1150  up  to  1700°C  and 
in  pressures  from  30  up  to  100  kbar.  As  a  result,  equation  which 
connected  values  of  "X*®  in  the  reaction  and  X^a  in  garnets  was 

obtained: 


X  =  1.965  -  188.485X®^  +  8535.3  (X^)  2 

940886.813 (X®^) 4 


167420.813 (X®^)3  + 


Model  of  well-known  Ellis  and  Green  garnet-clinopyroxene 
thermometer  improved  by  Nikitina  and  Ivanov  (1993)  and  our 
barometer  is  the  most  accuracy  pair  for  the  experimental  data 

(Table.  1). 
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N° 

P(kb) 

T°(C) 

xGr 

Na 

xcPx 

Jd 

Pi (kb) 

T°(C) 

1315 

30 

1150 

0.0043 

0.15 

30.5 

1270 

10 

44 

1300 

0.011 

0.11 

41.8 

1150 

8006 

55 

1550 

0.025 

0.26 

54.4 

1513 

3544 

75 

1600 

0.049 

0.27 

76.8 

1675 

3536 

100 

1700 

0.0989 

0.31 

99.1 

1665 

Table  1.  Experimental  data  of  Akella  (1976)  (N°-  10) ,  Green 

and  Adam  (1991)  (N  -  1315)  and  Kato  (1989)  (N  -  8006,  3544  and 
3536).  P  and  T  -  experimental  parameters;  P1  and  T1  -  calculated 

parameters  on  the  base  of  our  barometer  and  thermometer  of 
Nikitina  and  Ivanov  (1993) . 

The  new  garnet-elinopyroxene  thermobarometer  for  deep  mantle 
eciogites  was  used  to  determine  formation  conditions  of  eclogite 
inclusions  in  diamonds  and  eclogite  xenoliths  from  kimberlite  and 
lamproite  pipes  of  South  Africa,  Yakut iya  and  Australia.  Eclogite 
crystallization  in  the  mantle  occurs  at  several  levels  of  the 
depth  from  50  to  300  km  by  these  calculations.  Eciogites  of  the 
upper  level  were  discovered  mainly  in  kimberlite  pipes  from 
marginal  portions  of  these  structures.  Eciogites  of  the  low  and 
middle  levels  were  founded  only  in  the  kimberlite  pipes  from  the 
central  parts  of  the  cratons.  Obtained  thermodynamic  gradients 
(TG=dT/dP^,  are  different  for  them  (13-19°  C/kbar  for  first  one 
and  30-40°  G/kbar  for  the  second  one)  (n.l  and  2,  Fig.l).  TG~0 
for  Argail  eclogite  inclusions  in  diamonds  (n.3,  Fig.l),  which 
were  formed  mainly  on  the  depths  nearly  200-300  km.  These  types 
of  paleogeotherms  correspond  to  the  numerical  paleogeotherm, 
which  was  theoretically  obtained  on  the  base  of  assumption  of  the 
upper  mantle  convection  (Christensen,  1983;  Davies  and  Richards, 
1992)  (Fig. 2).  These  differences  in  the  paleogeotherm  types  are 
connected  with  the  processes  ’of  the  mantle  dynamics  under  the 
cratons  and  may  be  explained  by  mantle  plume,  which  occurred 
under  the  central  parts  of  the  cratons  on  200-300  km. 
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Fig. 1. Types  of  paleogeo- 
therms  obtained  for 
eclogites . 


Fig. 2.  Variation  of  tempe¬ 
rature  with  depth 
in  accordance  with 
models  of  Christen¬ 
sen,  U.  (1983)  and 
Davies  and  Richards 
(1992)  . 


This  work  was  supported  by  Russian  Basic  Research  Foundation 
95-05-17765. 
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RELATIONSHIP  BETWEEN  POTENTIAL  DIAMONDIFEROUS  ABILITY  AND 
OXYGEN-REDUCTION  CONDITIONS  FOR  THE  UPPER  MANTLE 

1  2 
Simakov  ,  S.K.  and  Nikitina  ,  L.P. 

1.  Russian  Geological  Research  Institute;  Sredny  prosp.  74, 

St .Petersburg,  199026,  Russia 

2.  Institute  of  Precambrian  Geology  and  Geochronology  of  Russian 
Academy  of  Sciences;  Makarova  nab. 2,  St . Petersburg,  199034, 
Russia. 

Modern  petrology  studies  of  diamond  genesis  have  been  mostly 
concerned  with  its  temperature  and  pressure  environments  of 
growth  in  the  subcontinental  lithosphere.  Comparatively  little 
attention  has  been  paid  to  the  role  of  oxygen  fugacity,  which 
determines  whether  either  carbon  exists  as  elemental  carbon  or  as 
a  carbon  gas  species.  By  Ryabchikov's  (1980)  and  Saxena's  (1989) 
models  growth  and  preservation  of  diamonds  depend  upon  the 
oxidation-reduction  conditions  of  the  mantle  fluid  and  optimum 
conditions  correspond  to  water-rich  fluid.  That  is  why  the 
knowledge  of  oxygen-reduction  conditions  under  which  peridotitic 
and  eclogitic  parageneses  in  diamonds,  diamond-bearing  and 
diamond-free  xenoliths  is  required  to  solve  the  problem  of  their 
origin  and  potential  ability  for  diamondiferous . 

The  oxidation  state  of  the  mantle  has  been  a  source  of 
recent  controversy.  Thermodynamic  calculations  of  oxygen  fugacity 
based  on  olivine-orthopyroxene-spinel  equilibria  (O'Neill  and 
Wall,  1987)  support  a  relatively  oxidized  mantle,  characterized 
by  values  of  oxygen  fugacity  between  FMQ  buffer  and  WM  buffer.  In 
contrast,  other  data,  especially  from  studies  of  intrinsic  oxygen 
fugacity  are  interpreted  as  indicating  that  portions  of  the 
mantle  are  more  reduced  with  values  of  f©2  near  IW  buffer 

(Arculus,  1985) .  It  has  been  suggested  (Haggerty  and  Tompkins, 
1983)  that  the  upper  mantle  is  zoned  with  depleted  lithosphere 
being  more  reduced  than  deeper,  fertile  portions  of  the 
asthenosphere . 

The  oxidation  state  of  the  mantle  peridotite  and  eclogite 
assemblages  can  be  estimated  by  reactions  between  oxygen  and 
iron-bearing  garnets  (Simakov,  1993;  1994).  Most  suitable 
association  for  estimation  of  P  and  T  for  peridotites  is  garnet  + 
orthopyroxene.  For  calculations  we  used  geothermometer  of  Harley 
(1984)  and  geobarometer  of  Nickel  and  Green  (1985)  as  most 
accuracy  pair  (Taylor  and  Green,  1991) .  P-T  conditions  of 
eclogite  parageneses  were  estimated  on  the  base  of 
garnet-clinopyrbxene  geothermobarometers  (Nikitina  and  Simakov 
1993;  Simakov,  1995).  P-T-fo2  conditions  and  equilibrium 

compositions  of  fluids  for  C-H-0  system  of  South  African, 

Yakutian  and  Australian  peridotite  and  eclogite  parageneses  were 
estimated. 
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For  peridotites  practically  all  diamond  inclusions  and 
diamond-bearing  xenoliths  correspond  to  region  of  diamond 
stability  by  P  and  T?  meanwhile  main  part  of  diamond-free 
xenoliths  corresponds  to  region  of  graphite  stability.  In  South 
Africa  75%  of  diamond  inclusions  and  50%  of  diamond-bearing 
xenoliths  correspond  to  more  reduced  mantle  (fo2<WM) .  In  Yakutiya 

-  38%  of  diamond-bearing  xenoliths  correspond  to  this  field. 
Meanwhile  diamond-free  xenoliths  mainly  (Yakutiya  -  on  80%, 
Namibia  -  on  75%  and  Lesotho  -  on  60%)  correspond  to  more 
oxidized  mantle  (fo2>WM) .  Most  inclusions  in  diamonds  plot  in  the 

field  of  the  methane-rich  fluid  (n.2,  Fig.l),  most 
diamond-bearing  peridotites  plot  in  the  field  of  the  water-rich 
fluid  (n.1,3  Fig.l),  whereas  most  diamond-free  peridotites  plot 
in  the  field  of  the  CO  -rich  fluid  (n.4-6,  Fig.l' 


Fig.l.  Average 
compositions  of  the 
calculated  fluids  and 
of  those  extracted  from 
diamonds  in  the  O-H-C 
system.  1  -  Yakut ian 
diamond-bearing  xeno¬ 
liths,  2-  South  African 
inclusions  in  diamonds, 

3  -  South  African  dia¬ 
mond-bearing  xenoliths, 

4  -  Yakutian  diamond- 
free  xenoliths,  5  - 
Namibian  diamond-free 
xenoliths,  6  -  Lesotho 
diamond-free  xenoliths, 
7  -  fluid  extracted 
from  South  African, 
Brazilian  and  USA 
diamonds  (Giardini  and 
Melton,  1975),  8,9  - 
average  fluid  extracted 
from  Yakutiyan  diamonds 
and  fluid  extracted 
from  pipe  Mir  diamonds 
correspondingly  (Barto- 
shinskii  et  al.,  1987). 

For  eclogites  main  part  of  diamond  inclusions  and 
diamond-bearing  xenoliths  corresponds  to  region  of  diamond 
stability  by  P  and  T,  meanwhile  main  part  of  diamond-free 
xenoliths  corresponds  to  region  of  graphite  stability.  In  South 
Africa  70%  of  diamond  inclusions  and  65%  of  diamond-bearing 
xenoliths  correspond  to  more  reduced  mantle  (fo2<WM) .  In  Yakutiya 

87%  of  diamond  inclusions  and  -  65%  of  diamond-bearing  xenoliths 
correspond  to  this  field.  The  diamond  inclusions  from  lamproite 
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pipe  Argail  for  which  estimated  pressures  correspond  to  somewhat 
more  deeper  levels  (up  to  90  kbar) ,  lye  in  the  field  of  more 
reduced  conditions  (near  and  low  IW  buffer) .  In  Yakutiyan 
diamond-free  xenoliths  65%  of  analyses  correspond  to  more  reduced 
mantle  and  in  South  African  ones  80%  of  analyses  correspond  to 
this  field.  South  African  diamond  inclusions  and  diamond-bearing 
xenoliths  plot  in  the  field  of  the  water-rich  fluid,  Yakutiyan 
diamond  inclusions  -  in  the  field  of  water-methane-rich  fluid, 
and  Australian  ones  -  in  the  field  of  methane-rich  fluid. 
Yakutiyan  diamond-bearing  and  -free  and  South  African 
diamond-free  xenoliths  plot  in  the  field  of  the  methane-water 
-rich  fluid. 

These  calculations  allow  us  to  come  to  the  conclusion  that 
upper  mantle  is  zoned.  It  consists  of  relatively  oxidized  and 
reduced  zones.  The  main  tendency  is  increasing  degree  of 
reduction  with  increasing  the  depth.  It's  correspond  to  the  model 
suggested  by  Haggerty  and  Tompkins  (1983) .  Eclogites  correspond 
to  somewhat  more  reduced  conditions  than  peridotites.  The  average 
fluid  compositions  of  inclusions  in  diamonds  and  diamond-bearing 
xenoliths  mainly  water-rich. 

This  work  was  supported  by  Russian  Basic  Research  Foundation 

95-05-17765. 
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THE  SEQUENCE  OF  CRYSTALLIZATION  OF  DIFFERENT  TYPES  OF  BORT  FROM 
YAKUTIAN  KIMBERLITES  AND  THE  CONDITIONS  OF  THEIR  FORMATION 
Smelova  G.B. 

YIGN,  Russian  Academy  of  Sci.,  Lenin  av.  39,  677007,  Yakutsk,  Russia 

Introduction.  Polycrystalline  aggregates  are  the  assemblage  of  many  crystals  of  one  or  a  few 
minerals,  which  have  been  formed  simultaneously  or  consecutively.  Thus,  the  study  of  the 
morphology  of  diamond  crystals  forming  the  aggregates  and  their  relationships  with  each  other  is 
a  key  to  understanding  the  histoiy  and  conditions  of  their  growth.  86  samples  of  boit  were 
studied:  51  from  Aichal  pipe,  29  from  Udachnaya  pipe  and  6  from  Mir  pipe.  41  samples  of 
diamond  intergrowths  have  been  investigated  also  for  comparison:  20  from  Aichal  pipe,  19  from 
Udachnaya  pipe  and  2  from  Mir  pipe.  The  structure  of  aggregates,  the  shape  of  the  syngenetic 
inclusions,  their  location  in  the  volume  of  the  aggregates  were  studied  in  the  specially  prepared 
polished  sections  and  plates  of  diamond  by  optical  methods  and  photoluminescence  imaging. 
The  chemistry  of  inclusions  from  different  parts  of  the  samples  have  been  identified  by 
electron-microprobe. 

Morphology  of  aggregates.  Bort  'was  classified  on  the  two  main  varieties:  fine-grained  (FGB) 
and  coarse-grained  (CGB),  in  dependence  from  the  size  of  forming  its  individual  diamond 
crystals  (Smelova,  1991).  FGB  is  formed  by  diamond  grains  of  uncertain  shape  having  the  size 
up  to  0.2  mm.  The  color  of  FGB  is  variable  from  grey  to  black.  CGB  almost  always  is  formed  by 
a  well-shaped  transparent  diamond  crystals  (laminar  octahedrons  or  more  rare  trigon- 
trioctahedrons,  cubes  and  cubooctahedrons)  varying  in  the  size  from  0.2  up  to  2  mm. 

Intergrowths  of  diamonds  (DI)  are  formed  by  octahedrons  and  cubes  having  the  size  up  to  4  mm. 

The  identified  order  of  crystallization  of  bort  varieties  is  as  follows:  FGB— *CGB  forming  by 
uncertain  shape  grains,  sometimes  containing  the  diamond  dnjses-*CGB  forming  by  well¬ 
shaped  diamond  crystals.  Aggregates  of  CGB  usually  are  presented  by  compact  drasy  samples  of 
rounded  shape.  Their  surfaces  is  formed  by  well-shaped  comers  of  diamond  cry  stals.  Our  study 
of  the  samples  consisting  of  the  intergrowths  of  bort  and  diamond  monocrystal  exhibited  that 
there  are  two  orders  of  their  crystallization:  monocrystal-*bort  (Orlov,  1973),  and  bort—* 
monocrystal  also  (Smelova,  1994). 

Tire  different  abundance  of  types  of  aggregates  described  above  have  been  identified:  1)  ID  and 
CGB  formed  by  cubes  are  spread  in  Aichal  pipe  only;  2)  the  order  of  formation:  monocrystal-* 
CGB  was  found  in  the  samples  from  Aichal  also;  3)  the  opposite  sequence  of  crystallization 
CGB-»monociystal  was  revealed 'In  the  samples  from  Udachnaya  pipe. 

Based  on  the  morphological  features  of  CGB  described  above,  one  can  assume  that  its  formation 
as  well  as  monoerystals  of  diamonds  took  place  in  a  free  environment  (Natural  diamond..., 

1993).  It  is  confirmed  by  the  abundance  of  diamond  aggregates  in  the  kimberlites.  The 
conditions  for  a  moving,  meeting  and  sticking  together  of  growing  seeds  are  provided  only  in  a 
free  environment  like  flowing  solution  is,  unlike  the  metasomatic  conditions.  The  origin  of 
aggregates  took  place  in  more  viscosious  environment,  compare  to  the  monocrystals,  because  the 
high  energy  of  crystallization  ©f  diamond  and  low  viscosity  of  environment  will  be  the  reason  of 
the  more  fast  migration  of  carbon  to  the  more  large  seeds,  which  caused  the  preferable  growth 
of  monoerystals  rather,  then  origin  of  the  new  seeds. 

Compositions  of  the  inclusions.  The  following  minerals  were  identified  as  syngenetic 
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inclusions  in  the  bort  and  DI:  peridotitic  assemblage:  pyrope,  olivine,  Cr-diopside,  enstatite, 
magnesite, 

phlogopite,  chromite,  magnetite.  Mss,  richterite,  sanidine  (?);  eclogitic  assemblage:  omphacite, 
pyrope-almandine,  rutile. 

The  chemistry  of  inclusions  from  bort  and  DI  generally  is  the  same  as  for  the  ones  from  diamond 
monociystals,  but  the  first  have  more  high  Fe/(Fe+Mg).  Inclusions  of  harzburgite-dunitic 
paragenesis  predominate  in  the  DI,  but  those  of  lherzolitic  affinity  are  more  abundant  in  bort. 

The  abundance  of  two  mineral  assemblages  in  different  kimberlitic  pipes  have  been  studied.  All 
samples  from  Udachnaya  (bort  and  DI)  belong  to  peridotitic  paragenesis,  but  those  from  Aichal 
and  Mir  pipes  revealed  an  eclogitic  paragenesis  more  often.  Thus,  our  data  are  in  agreement  with 
the  ones  about  abundance  of  diamond  monocrystals  paragenesis  in  the  Yakuts  an  kimberlitic 
pipes  (Natural  diamond...,  1993),  which  is  evidence  of  the  common  origin  of  monocrystals  and 
aggregates  of  diamonds. 

Conditions  of  formation. 

Temperature.  Nontouching  syngenetic  inclusions  from  the  same  variety  of  bort  or  from  the  same 
individs  of  DI  have  been  used  for  calculations.  The  equilibrium  T°  of  formation  of  Ol-Sp 
mineral  pairs  using  O'Neil- Wall  geothermometer  (1987)  for  peridotitic  paragenesis  is  1045°C. 
The  same  estimation  for  eclogitic  paragenesis  using  the  Gar-Cpx  mineral  inclusions  (Ellis- 
Green,  1979)  is  1220-1275°C. 

Besides  the  evolution  of  the  T°  during  the  time  of  peridotitic  aggregates  formation  have  been 
identified  using  the  change  of  composition  of  sulfide  inclusions  (Mss)  located  in  the  different 
varieties  of  bort..  It  was  found  that  during  the  time  of  diamond  aggregates  growth  the  content  of 
Cu  in  the  associated  inclusions  of  Mss  from  FGB  is  going  up  and  those  from  CGB  is  going 
down.  The  Fe  content  changes  in  the  opposite  direction  in  agreement  with  isomorphic  scheme: 
Cu2+<->Fe2+.  According  to  experimental  results  the  sulfide  melt  enriches  by  Ni  and  Cu  and 
becomes  more  poor  by  Fe  in  the  process  of  its  crystallization.  Thus  the  identified  trend  of  the 
change  of  sulfide  compositions  may  be  considered  as  evidence  of  the  pulsations!  character  of  T° 
during  the  formation  of  bort. 

Pressure.  The  mineral  pair  Mag-Cpx  from  bort  indicates  the  high  P  of  its  formation  in  the 
peridotitic  environment,  because  the  magnesite  is  a  stable  phase  at  the  P=60  kbar,  T=1700  K  and 
low  content  of  hydrogen  in  the  system  (Saxena,  1988). 

The  qualitative  estimation  of  a  P  for  eclogitic  paragenesis  have  been  done,  using  the  dependence 
of  pressure  and  the  content  of  Ca-molecule  of  Escola  (Ca*)  5  AlSi206)  in  the  omphacites.  Its 
content  in  the  omphacites  from  aggregates  is  2,30-9,86  mol%  corresponding  to  60-65  kbar. 

Oxygen  fuzaaiv.  The  presence  of  the  syngenetic  inclusions  of  the  magnesite  in  the  bort  and 
diamond  monocrystals  as  well  (Natural  diamond...,  1993)  and  the  identified  syngenetic 
inclusions  of  magnetite  in  the  bort  (Smelova,  1991)  showing  the  possibility  of  the  crystallization 
of  diamond  monocrystals  and  their  aggregates  at  the  QFM  buffer.  The  association  mentioned 
above  Cpx+Mag  may  exist  at  45  kbar  and  1 100°C  and  f  q2  also  corresponding  to  QFM  buffer 
(lg  f  q2=-8,5)  (Ryabchikov  et  al;  1981). 

Conclusions.  The  summary  of  the  above  data  shows  the  following  conclusions: 
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1)  Bort,  DI  and  diamond  monocrystals  from  the  same  kimberlitic  pipes  are  characterized  by  the 
similar  morphological  features:  octahedral  shape  is  more  abundant  in  Udachnaya  and  Mir 
samples,  but  cubic  shape  is  more  widely  spread  in  Aichal  ones. 

2)  The  same  range  of  composition  is  determined  for  associated  with  bort,  DI  and  diamond 
monocrystals  minerals. 

3)  The  identical  abundance  of  different  paragenesis  of  bort,  DI  and  diamond  monocrystals  in  the 
different  kimberlitic  pipes  is  shown:  The  content  of  eclogitic  paragenesis  increases  generally  in 
the  direction:  Udachnaya  -  Mir  -  Aichal. 

4)  Similar  range  of  PT  conditions  do  exist  for  bort,  DI  and  diamond  monocrystals  formation. 

The  bort,  DI  and  diamond  monocrystals  were  formed  in  the  common  geochemical  systems  and 
PT  conditions,  and  the  order  of  their  origin  and  growth  depends  mainly  from  the  degree  of 
carbon  supersaturation.  The  predomination  of  the  Iherzolitic  paragenesis  in  the  bort  and  of  the 
harzburgite-dunitic  ones  in  the  DI  indicates  the  preferable  crystallization  of  diamond 
monocrystals  and  DI  during  the  formation  of  mantle  dunites  and  harzburgites,  and  the  growth  of 
bort  in  the  Iherzolites. 

The  morphology  of  bort  is  exhibited  their  crystallization  in  the  free  environment.  It  may  be  the 
silicate-sulfide  melt  where  the  diamond  aggregates  were  grown  under  more  high  carbon 
supersaturation  than  monocrystals. 

The  comparison  of  the  dunitic,  harzburgitic  and  garnet  Iherzolitic  melt  shows  the  enrichment  of 
the  last  by  Si02  and  A1203,  testifying  the  high  viscosity  of  lerzolitic  melt  and  the  low  possibility 
of  diffusion  in  it,  which  is  the  reason  of  the  formation  of  the  numerous  centers  of  diamond 
nucleation  and  the  formation  of  aggregates.  Thus  the  properties  of  lerzolitic  melt  promotes  the 
preferable  origin  of  bort  in  it,  and  the  properties  of  harzburgite-dunitic  ones  provide  the 
condition  of  diamond  monocrystals  and  DI  growth. 
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Kimberlites  of  all-known  diamond-bearing  provinces  of  the 
world  are  characterized  by  a  certain  and  rather  limited  complex 
of  accessory  minerals  Represented  by  garnets , chrome-spinellids , 
clino-  and  more  rare,  -  orthopyroxenes , picroilraenit.es  and  by  a 
number  of  another  ,  less  typical  minerals.  They,  as  a  rule,  com¬ 
pose  xenoliths  of  abyssal,  up  to  upper  part  of  the  mantle , rocks , 
but  more  often  they  can  be  observed  as  separate  grains  of  disin¬ 
tegration  products  of  indicated  xenoliths.  Amount, shapes  and  di¬ 
mensions  of  these  grains  vary  within  very  wide  limits  and  direc¬ 
tly  depend  on  initial  amount  of  appropriate  xenoliths  in  kimber¬ 
lites.  Often,  their  surface  was  resorted  by  residual  magmatic 
melts  and  sometimes  it  was  surrounded  with  reactional  coatings. 

By  their  composition  mantle  xenoliths  are  distinctly  subdi¬ 
vided  into  ultrabasic(  peridot it ic  -  in  the  most .wide  interpre¬ 
tation)  and  basic (  eciogites  and  rocks,  close  to  them)  branches. 
Alongside  with  this  it  has  been  established, that  diamonds  were 
connected  with  both  paragenetic  associations (  Sobolev, 1974) • 

It  enables  to  determine  potential  diaraondiferousness  of  kimber¬ 
lites  cy  composition  and  quantitative  relation  of  abyssal  asso- 
siations  indicator-minerals  still  before  their  sampling. 

Kimberlites , found  at  the  territory  of  the  Ukraine, are  the 
exception  in  this  respect.  Thus  Representative  sampling  of  in¬ 
tensively  altered(carbonatized)  kimberlites,  encountered  in  19- 
77  in  the  zone  of  joint  of  the  Near-Azov  crystalline  rock  mass 
(NMC)  with  Donbass(the  eastern  Near-Azov  region),  did  not  es¬ 
tablish.  Among  indicator-minerals  of  these  kimberlites  the  ra¬ 
re  relation  is  registered:  chrome-spinellids  prevail  sharply 
over  garnet-pyrope ,  and  chrome-diopside  and  picroilmenite  are 
observed  in  individual  relict  grains (Smirnov  et  al.,1986). 
According  to  its  composition  no  one  of  chrome -spine 11 id. figura¬ 
tive  points  falls  into  a  field  of  diamond-bearing  associations. 
Among  pyr ope , although  violet-red  varieties  if  different  inten-. 
sity  prevail,  but  a  mass,  overwhelming  them,  is  located  in  a 
field  of  lherzolite  paragenesis , typical  of  non-diamondbearing 
or  pourly  diamond-bearing  kimberlites (Sobolev, et  al.,1930). 

In  three  kimberlite  pipes  and  dyke, discovered  at  the  north¬ 
ern  . side  of  NMC(the  Eastern  Near-Azov 'region)  in  1990-1992 , pic- 
roilmenites  sharply  nrevails  over  another  indicator  minerals 
.(Smirnov  et  al.,1993)*  Composition  of  pyrope, which  amount  of 
grains  varies  from  single  grains  to(in  rare  cases)  tenth  of 
one  percent  of  a  heavy  fraction  weight-',  is  practically  analogo¬ 
us  to  composition  of  above-mentioned  kimberlites, i. e. ,  it  corr¬ 
esponds  to  lherzolite  paragenesis.  Figurative  points  of  chrome- 
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spinellids  and  chrome -di op side  compositions  on  a  corresponding 
diagrams  confirm,  probably , insignificant  diamondiferousness 
of  kimberlite  rocks  investigated.  But,  taking  into  consideration 
the  industrial  development  of  this  region  with  well-developed 
service  lines,  the  revealing  of  even  poorly  diamond-bearing  bo  - 
d^e s  here (on  their  existence  the  findings  of  diamond  in  terrige¬ 
nous  deposits  of  a  various  age  indicate;  may  turn  out  to  be  pro¬ 
fitable  during  their  operation® 

Only  compositions  of  violet-red, purple-red  and  densely-mauve 
varieties  of  pyrope  in  kimberlite  fragments , found  in  1975  -  1976 
in-original  sedimentary-fault  breccias  at  the  north  of  Volyn* , 
the  content  of  knorriagitic  component  in  which  reached  20,9  - 
30,6  mole%(Tarasyuk  et  al.,1980;  Smirnov  et  al.,1988)  testifies 
obviously  the  existence  of  kimberlite  bodies  of  diamond  facies 
in  this  region*  Recently  the  sampling  of  basal  horizons  of  Lower 
Cenomanian  also  confirms  this  fact.  Approximately  2,3  km  to  the 
east  from  above-mentioned  kimberlite  manifest at  ion  about  two  sco¬ 
res  of  violet-red  and  purple-mauve  grains  of  pyrope  with  maximum 
content  of  knorriagitic  minal  up  to  12,3  mole%  and  hundreds  of 
rather  large (up  to  3,25  mm),  primary  ovate-orbicular , often  with 
grey  leucoxene  illinition  and"  a  rashv  of  perovskite  on  primary 
surface  of  picroilmenite  grains  with  MgO  content  7,3 2  -  8,41mass 
%  and  CrpO^  1,83  -  4,14  mass%)  were  met*  That*s  why,  it  is  sen  - 
sible  topcoat inue  sampling  of  similar  deposits  here  and  to  stu  - 
dy  in  details  indicator-minerals ,  which  can  lead  to  discovery  of 
diamond-bearing  kimberlites. 
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22nd  Street  East,  Saskatoon,  Saskatchewan,  Canada,  S7K  5T6 

Introduction  :  The  Fort  a  la  Corne  (FALC)  kimberlite  province  was 
discovered  under  100m  of  glacial  overburden  by  Uranerz 
Exploration  and  Mining  Ltd.  in  1988 (Lehnert-Thiel  et  al .  1992). 
Since  then  evaluation  of  these  bodies  has  been  continuing  with 
joint  venture  partners  Cameco  Corp . ,  Monopros  Ltd.  and  Kensington 
Resources  Ltd.  The  province  occurs  80km  east  of  Prince  Albert  in 
Saskatchewan  and  includes  at  least  70  magnetically  defined  bodies 
which  range  in  size  to  over  lOOha.  So  far  41  of  these  anomalies 
have  been  confirmed  as  kimberlites  by  drilling.  These  bodies  are 
located  in  a  45x30km  zone  and  probably  form  one  of  the  largest 
known  kimberlite  provinces  in  the  world.  Significant  amounts  of 
diamonds  have  been  recovered  but  no  economic  deposits  have  been 
found  yet.  This  study  investigated  44  drillholes  containing 
approximately  5km  of  kimberlite  core  from  25  bodies. 

Geological  setting  :  The  94-96Ma  kimberlites  were  emplaced  into 
poorly  consolidated  Cretaceous  sediments  comprising  ±100m  of 
clayey  fine  material,  silts  and  sandstone  (Mannville  Formation; 
±119-100Ma)  overlain  by  ±1 00m  of  marine  shales  (Ashville 
Formation;  ±100-91Ma) .  The  Mannville  formed  in  coastal  marine, 
subaerial  flood  plain  and/or  lacustrine  environments.  The  shales 
were  deposited  towards  the  edge  of  the  Western  Interior  Seaway,  a 
broad  shallow  epicontinental  sea  with  migrating  shorelines.  The 
Mannville  unconformably  overlies  Palaeozoic  indurated  carbonates 
below  which  is  the  Precambrian  basement. 

Classification  :  These  bodies  are  classified  as  crater-f acies 
kimberlites.  No  hypabyssal  or  diatreme-f acies  rocks  have'  been 
encountered.  The  FALC  rocks  are  typical  Group  1  kimberlites. 

Crater  size,  shape  and  formation  :  The  FALC  kimberlites  are 
shallow  saucer  to  champagne -glass  shaped  bodies  with  diameters 
mainly  of  500  to  1300m  and  depths  ranging  up  to  200m.  These 
bodies  represent  craters  explosively  excavated  into  only  the 
Cretaceous  sediments.  There  is  no  evidence  of  the  development  of 
any  diatremes  or  root  zones .  The  main  craters  formed  during  the 
Ashville  and  were  preceded  by  common  small  kimberlites  which 
comprise  conformable  graded  beds  up  to  5m  thick  of  unreworked 
pyroclastic  airfall  material  within  the  Mannville  sediments. 
Stratigraphic  constraints  suggest  that  the  FALC  kimberlite 
eruptions  span  at  least  25Ma.  The  main  kimberlite  crater 
formation  was  probably  .confined  to  the  last  ±5-10Ma  (perhaps 
97.5 - 91Maj  while  the  small  precursors  formed  from  119  to  at  least 
100  Ma .  The  main  FALC  craters  were  excavated  with  the  deposition 
of  little  or  none  of  the  resulting  primary  or  xenolithic  material 
within  the  craters.  No  extra-crater  deposits  have  been  found  to 


543 


allow  further  evaluation  of  the  crater  forming  events,  but  they 
were  probably  very  similar  to'  that  of  maars  which  are  usually 
considered  to  result  from  phreatomagmatic  eruptions.  At  FALC  a 
porous  sandstone  unit  occurs  at  the  base  of  the  Mannville.  It  is 
a  modern  aquifer  which  probably  became  saturated  after  the  end  of 
the  Mannville  following  the  marine  transgression  at  the  beginning 
of  the  Ashville.  The  position  of  this  aquifer  is  the  point  from 
which  many  of  the  craters  appear  to  flare.  The  timing  of  the 
formation  of  this  aquifer  is  consistent  with  the  presence  of 
maar-like  craters  being  formed  during  the  Ashville  but  not  during 
the  earlier  Mannville.  In  contrast,  the  crater  infilling  results 
from  magmatic  eruptions.  The  FALC  bodies  do  not  conform  to  the 
classic  kimberlite  pipe  model  but  the-  remarkable  similarity  to 
both  the  geological  setting  and  the  nature  of  the  kimberlites  at 
Mbuji-Mayi  in  Zaire  (e.g.  Demaiffe  et  al .  1991)  cannot  be  a 
coincidence.  The  deviations  from  the  model,  therefore,  probably 
result  from  different  near  siirface  geology  and  support,  rather 
than  negate,  the  classic  kimberlite  pipe  model. 

Main  constituents  and  rock  types  :  These  loosely  packed,  clast 
supported,  poorly  sorted  volcaniclastic  kimberlites  are  composed 
predominantly  of  a  mixture  of  juvenile  lapilli  and  single 
crystals  which  are  mainly  olivine  (clasts  mostly  clOmm  in  size, 
up  to  10cm) .  The  lapilli  vary  in  shape  from  spherical  or  ovoid  to 
irregular-curvilinear  or  amoeboid  showing  that  they  formed  from 
very  fluidal  magmas.  The  groundmasses  are  quenched  and  sometimes 
vesicular  but  no  true  glass  is  observed.  The  inter-clast  matrix 
is  composed  of  mainly  serpentine,  carbonate  and  magnetite.  The 
proportion  of  juvenile  lapilli  to  single  grains  of  olivine  varies 
so  the  main  rock  types  range  from  juvenile  lapilli  tuffs  (or 
coarse  ash)  to  unusual  crystal  or  olivine  tuffs  (or  coarse  ash) . 
Most  rocks  have  undergone  some  sorting.  Overall  at  FALC  ash  and 
coarse  ash  sized  clasts,  comprising  kimberlite  matrix  and  often 
single  olivine  phenocrysts,  are  not  common.  Some,  but  not  all,  of 
the  drillcores  display  well  developed  plane  parallel  normal 
graded  bedding.  Individual  beds  vary  from  a  few  millimetres  to  at 
least  90m  in  thickness.  The  latter  appear  to  be  unique  in  the 
geological  record.  Bedding  dips  vary  from  horizontal  to  80°  and 
some  disturbed  bedding  is  present. 

Near  surface  emplacement  :  The  main  constituents  of  these 
kimberlites  must  have  formed  by  pyroclastic  processes.  Many 
features  show  that  resedimentation  of  the  pyroclastic  material 
was  not  an  important  process  here.  These  features  include:  the 
low  particle  density;  the  presence  of  occasional  welding  or 
molding  of  plastic  lapilli;  bomb  sags  and  possible  draping;  in 
situ  impact  fragmented  xenolithic  bombs;  the  occurrence  of 
composite  lapilli  showing  that  mixed  lapilli  populations  result 
from  recycling  not  resedimentation;  the  presence  of  different 
phases  of  eruption  with  associated  marker  horizons  and  sharp 
internal  contacts;  evidence  of  l^rge  scale  sorting  resulting  in 
the  overall  paucity  of  ash  and  the  presence  of  mega-graded  beds; 
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the  very  significant  lack  of  abrasion  or  breakage  of  most  and 
often  fragile  juvenile  and  xenolithic  clasts;  the  lack  of  cross 
bedding  and  other  sedimentary  features;  the  overall  lack  of 
incorporation  of  crater  wall  material;  and  the  paucity  of 
imbricate  structures. 

The  kimberlites  were  emplaced  at  a  time  of  overall  marine 
deposition  leading  to  suggestions  that  they  are  likely  to  have 
erupted  in  submarine  conditions.  Features  within  the  FALC 
kimberlites,  however,  show  that  most  of  the  pyroclastic  activity 
was  subaerial.  These  features  include  the  occurrence  of  fluidal 
not  quenched  lapilli  shapes,  welding  and  molding,  vesicular 
lapilli,  poor  sorting  of  a  wide  range  of  clast  . sizes,  lack  of 
resedimentation  and  a  general  lack  of  fines.  There  is  also 
stratigraphic  evidence  for  a  ±3Ma  hiatus  (approximately  94.5  -  91 
Ma)  in  the  marine  sedimentation  during  a  regression  within  the 
upper  Ashville  Formation.  This  suggests  that  the  main  process  of 
deposition  was  pyroclastic  airfall.  Although  the  eruptions  were 
predominantly  subaeria.1,  there  is  evidence  for  some  subaqueous 
deposition  of  the  airfall  material  into  small  volumes  of  standing 
water  which  must  be  crater  lakes . 

The  styles  of  eruption  were  very  variable.  The  less  explosive 
activity  ranged  from  Hawaiian  to  Strombolian- type  eruptions 
resulting  in  the  formation  of  amoeboid  lapilli  tuffs  with  bedding 
up  to  perhaps  12 -15m  thick.  Other  new  and  much  more  explosive 
eruptive  styles  must  be  kimberlite-specific  and  reflect  the 
unusual  properties  of  these  magmas,  mainly  their  low  viscosities 
and  high  carbon  dioxide  contents.  These  eruptions  resulted  from 
the  rapid  degassing  of  some  of  the  FALC  magmas  above  the  vent,  a 
process  which  is  the  extrusive  equivalent  of  the  intrusive 
diatreme  formation  in  other  kimberlites.  Similar  pelletal  lapilli 
to  those  characteristic  of  diatreme  facies  kimberlites  were  also 
produced.  These  explosive  eruptions  must  have  formed  high  energy 
eruption  columns.  The  abundant  carbon  dioxide  in  the  eruption 
column  derived  from  the  degassing  as  well  as  the  high  specific 
gravity  of  the  clasts  must  have  limited  the  height  of  the  column 
and  inhibited  movement  of  the  pyroclastic  material  from  the  vent 
resulting  in  the  formation  of  the  unique  mega-graded  beds  within 
the  craters.  The  unusual  olivine  tuffs  are  thought  to  form  by  the 
physical  separation  of  the  crystals  from  very  low  viscosity 
magmas.  Kimberlites,  being  some  of  the  most  crystal -rich  and 
fluidal  magmas  known,  are  good  candidates  for  the  formation  of 
such  crystal  tuffs.  The  ash  produced  in  the  higher  energy 
eruptions  was  often  removed,  presumably  by  wind  action. 
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settings.  The  Phanerozoic  Plate,  p.537-559.  Springer  Verlag. 
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Radiogenic  isotope  systematics  of  igneous  rocks  provide  important  constraints  as  to  the  character  and 
evolution  of  melt  sources,  and  is  consequently  an  essential  tool  in  petrology.  Even  given  the  problems 
imposed  by  severe  contamination  with  mantle  and  crustal  material  not  generally  encountered  in  most  mantle- 
derived  melts,  a  range  of  isotopic  compositions  in  kimberlite  and  related  rocks  demonstrates  the  involvement 
of  time-averaged  enriched  to  slightly  depleted  upper  mantle  sources  worldwide  (e.g.  Smith,  1983;  McCulloch 
et  al.,  1983;  Weiss  and  Demaiffe,  1985).  Broadly  speaking  the  various  isotopic  components  have  been 
generally  attributed  to  either  of  two  general  types  of  mantle  reserovoir.  One  is  characterized  by  radiogenic  Sr 
and  comparatively  non-radiogenic  Nd  and  Pb  (Group  II  kimberlites  and  most  potassic  lamproites),  indicative 
of  ancient  enriched  sources  and  probably  isolated  within  subcontinental  lithosphere.  Kimberlites  and  related 
rocks  with  slightly  ‘depleted’  isotopic  character  (e.g.  Group  I)  are  worldwide  the  dominant  type  of  kimberlite, 
and  typically  have  a  range  of  Sr  isotopic  compositions  clustered  around  bulk  earth  values,  but  with  Nd  isotope 
compositions  consistently  higher  than  bulk  earth.  It  is  notable  that  these  types  of  kimberlites  tend  to  define 
horizontal  arrays  that  crosscut  the  general  trend  of  the  mantle  array  as  defined  by  OIB  (ocean  island  basalt) 
compositions,  at  least  where  enough  data  are  available  (Fig.  1).  The  ‘true’  compositions  of  the  ultimate 
sources  of  kimberlite  are  obscured  to  greater  or  lesser  degrees  by  contamination  and  admixture  of  lithospheric 
components.  Such  mixing  can  be  viewed  as  an  essential  part  of  the  kimberlite  production  process;  certainly  so 
from  an  economic  point  of  view. 

The  isotopic  compositions  of  minerals  of  the  subcalcic,  Cr-poor  megacryst  suite  may  reflect  source 
character  better  than  the  kimberlites  if  it  can  be  unequivocally  shown  that  they  are  related  to  their  hosts. 
Diopside  is  generally  the  mineral  analyzed  for  Sr,  Nd  and  Pb  isotopes  given  the  greater  abundances  of  those 
elements  in  cpx  compared  to  other  coexisting  minerals,  although  Nd  in  garnet  may  be  useful,  and  Os  tests  on 
opx  are  underway.  Overlapping  but  generally  lower  Sr  isotope  ratios  and  slightly  higher  Nd  isotope  ratios  for 
most  cpx  samples  compared  to  their  host  kimberlites  suggest  xenolithic  origins  (Fig.  1),  although 
crystallization  from  a  parent  melt  prior  to  evolution  and  lithospheric  contamination  of  the  melt  could  result  in 
the  observed  relationships  (see  Nixon  et  al.,  1981;  Jones,  1987;  Smith,  1983)  provided  isotopic  re-equilibration 
with  the  host  does  not  occur  during  transport  to  the  surface.  The  results  have  not  been  straightforward  to 
interpret,  mainly  because  of  the  notably  limited  isotopic  variation  in  megacrysts  from  kimberlites  throughout 
southern  Africa,  lack  of  detailed  studies  at  single  localities,  and  the  general  absence  of  the  suite  (along  with 
high-temperature  peridotites)  in  compositionally  distinctive  Group  II  kimberlites  or  lamproites.  Moreover,  in 
the  one  assemblage  so  far  studied  in  detail,  De  Bruin  (1991)  demonstrated  that  several  subtly  distinct 
megacryst  ‘packages’  with  respect  to  isotopic  and  chemical  character  are  present,  and  this  is  probably  true  of 
most  localities.  Hence,  simple  correlations  between  isotopic  and  chemical  composition  may  not  occur  for 
small  numbers  of  samples  selected  largely  on  the  basis  of  size  and  freshness  (to  give  the  easiest  and  best 
isotopic  analyses).  Six  samples  from  the  Kaalvallei  kimberlite  yield  equivocal  results,  although  the  most  calcic 
megacryst  does  have  a  significantly  higher  Sr  isotopic  character  than  the  main  group,  suggestive  of  operation 
of  some  type  of  AFC  process. 

The  Frank  Smith  and  Lace  kimberlites  are,  respectively,  1 14  and  142  Ma  Group  I  and  II  bodies  with 
distinctive  isotopic  character  compared  to  most  southern  African  Group  I  occurrences  (Fig.  1).  Abundant 
megacrysts  occur  at  Frank  Smith,  and  Lace  represents  one  of  the  few  Group  II  kimberlites  with  garnet 
megacrysts  of  unequivocal  subcalcic  affinity.  Two  Cr-poor  diopside  megacrysts  from  Lace  represent  the  only 
subcalcic  cpx  megacryst  samples  so  far  known  from  Group  II  kimberlites.  There  is  a  clear  correspondence  in 
isotopic  character  between  megacrysts  and  host  kimberlites  in  the  main  Group  I  cluster.  Frank  Smith  and 
Lace.  As  with  the  kimberlite,  the  Frank  Smith  megacrysts  have  somewhat  higher  143Nd/'!44Nd  and  lower 
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87Sr/86Sr  than  those  of  the  main  group  (Fig.  1).  The  Lace  diopsides  vary  similarly  to  their  host  kimberlites, 
their  Group  II  character  differing  considerably  from  the  main  group  of  megaciysts.  Isotopic  compositions 
therefore  strongly  indicate  a  relationship  between  the  megacryst  suite  and  their  host  kimberlites.  Either  the 
megacry sts  are  cognate  to  ‘proto-kimberlite’  melt  at  high  pressure  prior  to  modification  of  the  kimberlite  on 
ascent,  or  they  are  xenocrysts  that  ciystallized  from  basic  melts  derived  from  the  same  source  a^  the  \ 
kimberlites.  In  either  case  the  megacryst  isotopic  compositions  represent  unmodified  kimberlite  source 
compositions. 

The  Group  I  source  composition  is  identical  to  the  HIMU  compositional  reservoir  throughout 
southern  Africa  (Fig.  1),  and  is  dissimilar  to  any  known  plume  compositions  in  the  South  Atlantic  except  for 
St.  Helena.  The  few  available  comparatively  radiogenic  Pb  isotope  analyses  of  megacrysts  reinforce  the  HIMU 
character.  Group  I  kimberlites  therefore  do  not  contain  a  material  component  derived  from  hotspots  currently 
active  in  the  South  Atlantic.  Moreover,  this  composition  is  not  restricted  to  southern  African  kimberlites  of 
Cretaceous  age.  Both  Venetia  (about  500  Ma  in  age)  and  the  Premier  cluster  (1200  Ma)  have  similar  source 
compositions,  as  do  the  400  Ma  Colorado- Wyoming  kimberlites.  In  the  latter  case,  however,  there,  are 
compositional  variations  with  position  along  the  Front  Range,  a  feature  not  seen  in  southern  Africa  but  which 
also  constitutes  important  evidence  against  incorporation  of  a  material  component  from  sublithospheric 
hotspots  into  kimberlite.  (An  important  experiment  will  be  to  determine  if  the  Colorado- Wyoming  megacryst 
suites  vary  sympathetically  in  isotopic  character.)  High  temperature-peridotite  xenoliths,  many  type  I  eclogites 
and  other  alkaline,  intraplate  continental  rocks  have  similar  compositions,  or  compositions  that  range  to 
higher  and  lower  Sr  and  Nd  isotopic  character,  including  Minas  Gerais  kimberlites  and  related  rocks  (Fig.  1, 
Bizzi  et  al.,  1994)  and  African  carbonatites  (Bell  and  Blenkinsop,  1989).  Ringwood  et  al.  (1992)  recogfrized 
the  HIMU  character  of  the  source  for  Group  I  rocks,  and  Hart  et  al.  (1986)  originally  proposed  that  the  full 
array  of  compositions  occurred  within  continental  lithosphere.  Geophysical  evidence  as  well  as  petrologic 
requirements  for  (Group  I)  kimberlite  production  at  depths  considerably  in  excess  of  200  km  indicate  that 
HIMU-like  material  is  an  important  component  in  deepest  continental  lithosphere,  and  it  could  have  been 
produced  by  post-Archean  subduction  related  processes.  By  implication,  HIMU  and  DUPAL  signatures  in  the 
oceanic  regime  may  be  a  result  of  delamination  during  plate  migration,  rather  than  transfer  of  a  plume 
component  from  the  core-mantle  boundary  or  the  transition  zone. 
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Introduction  --  Eclogite  xenoliths  have  received  attention  in  greater  proportion  than  their  actual  abundance  in 
kimberlite  pipes  due  in  large  part  to  their  proclivity  to  host  diamonds.  Some  workers  believe  that  all  eclogite 
xenoliths  are  derived  from  the  subduction  and  high-pressure  melting  of  oceanic  crust  (e.g.,  Jacob  et  al.,  1994; 
Ireland  et  al.,  1994),  while  others  have  stated  that  at  least  some  eclogites  could  also  be  derived  directly  from  the 
mantle  (McGregor  &  Manton,  1986;  Shervais  et  al.,  1988;  McCulloch,  1989;  Neal  et  al.,  1990;  Jerde  et  al.,  1993; 
Snyder  et  al.,  1993).  We  present  all  the  data  known  for  the  Udachnaya  eclogites  and  compare  them  to  data  on  other 
Siberian  eclogites  as  well  as  eclogites  from  southern  Africa. 

Petrography  and  Mineral  Chemistry  —  Eclogite  xenoliths  extracted  from  kimberlites  in  Siberia  are  generally 
quite  small  (3-7  cm,  on  average,  in  longest  dimension,  though  some  samples  are  in  excess  of  20  cm),  are  coarse¬ 
grained,  generally  equigranular,  and  consist  of  a  bimineralic  assemblage  of  clinopyroxene  and  garnet  varying  in 
proportions  from  70:30  to  30:70  (Sobolev  et  al.,  1994). 

Most  notable  among  the  Udachnaya  eclogites  is  the  virtual  absence  of  both  inter-  and  intra-grain  compositional 
zoning  (Sobolev  et  al.,  1994).  This  is  in  direct  contrast  to  eclogites  from  other  Siberian  localities  (e.g.,  Mir;  Beard 
et  al.,  1995).  Udachnaya  garnets  vary  from  pyrope-  (or  Mg-)  rich  to  relatively  grossular-rich.  Clinopyroxene 
compositions  of  most  samples  plot  within  the  B  and  C  eclogite  fields  (at  lower  MgO  and  greater  Na20  values)  and 
only  a  few  samples  plot  within  the  A  field  (at  higher  MgO  and  lower  Na20  values).  Some  of  these  are  true  Group  A 
eclogites  (as  per  Taylor  &  Neal,  1989)  and  contain  elevated  Cr203. 

Clinopyroxenes  from  Udachnaya  eclogites  are 
generally  more  LREE-depleted  than  those  from 
southern  Africa  or  other  Siberian  localities 
(Figure  1).  Udachnaya  clinopyroxenes  have 
similar  MREE  abundances  (i.e.,  Nd  -  2-20x  Cl 
chondrites),  but  LREE  and  HREE  abundances 
which  vary  by  over  two  orders  of  magnitude. 

The  clinopyroxenes  have  been  divided  into  three 
types  based  on  their  REE  patterns  (Jerde  et  al., 

1993;  Snyder  et  al.,  1995):  1)  most  abundant  are 
those  with  “typical”  clinopyroxene  patterns 
[(La/Nd)n  =  0.4-0. 7,  (Sm/Yb)n  <  15];  2)  HREE- 
depleted  clinopyroxene,  (Sm/Yb)n  =  15-50,  with 
almost  flat  to  LREE-enriched  patterns, 

[(La/Nd)n  =  0.5-1. 3];  and  3)  LREE- and  HREE- 
depleted  clinopyroxene;  [(La/Nd)n  <  0.25; 

(Sm/Yb)n  >  20].  Although  this  latter  group 
exhibits  the  most  LREE-depleted  (i.e.,  depleted  in 
La  and  Ce)  clinopyroxenes  found  at  Udachnaya, 

Sm/Nd  ratios  are  either  chondritic  or  much  lower. 

Furthermore,  samples  from  this  group  yield 
sinusoidal  REE  patterns.  A  sample  from  this 
group  yields  by  far  the  most  nonradiogenic 
143Nd/144Nd  determined  for  Udachnaya 
clinopyroxenes  (eNd(0)  =  "25),  and  suggests  long- 
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lived  LREE-enrichment  of  the  sample.  Based  on  their  REE  patterns,  garnets  can  also  be  subdivided  into  three 
groups  which  are  generally  sympathetic  to  the  three  clinopyroxene  groups. 

Nd,  Sr,  and  Os  Isotopic  Data  --  All  eleven  clinopyroxene  separates  measured  by  our  group  (and  one  by  Pearson  et 
al.,  1995a)  from  the  Udachnaya  pipe  give  87Sr/86Sr  <  0.70425,  whereas  Mir  samples  are  routinely  above  this  value 
(Snyder  et  al.,  1995).  However,  four  of  six  Udachnaya  clinopyroxenes  measured  by  Jacob  et  al.  (1994)  give 
87Sr/86Sr  above  0.70425.  Mir  eclogite  clinopyroxenes  yield  the  lowest  87Rb/86Sr  (0.000122  and  0.000167)  by  an 
order  of  magnitude. 

Measured  143Nd/144Nd  in  clinopyroxene  separates  vary  from  0.51134  to  0.51867  and  correlate  with  the 
147Sm/144Nd  (0.0941  -  0.257).  The  garnets  yield  147Sm/144Nd  ratios  of  0.353  to  0.944  and  143Nd/144Nd  from 
0.51205  to  0.52059.  A  single  garnet  separate  analyzed  by  Pearson  et  al.  (1994)  yielded  the  highest  147Sm/144Nd 
measured  for  Udachnaya  eclogites.  The  Udachnaya  eclogites  yield  ages  that  approximate  the  time  of  emplacement 
of  the  host  kimberlite  --  380-390  Ma.  A  single  Obnazhennaya  eclogite  gave  a  Sm-Nd  age  of  1699±35  (McCulloch, 
1989). 

A  suite  of  seven  eclogites  have  also  been  analyzed  for  Re  and  Os  abundances  and  Os  isotopic  compositions 
(Pearson  et  al.,  1995b).  Re  and  Os  abundances  vary  from  0.087  to  1.6  ppb  and  0.028  to  0.346  ppb,  respectively. 
187Os/188Os  ratios  vary  from  0.8296  to  9.808.  These  values  are  extremely  radiogenic  with  10  to  55%  of  the  total  Os 
being  from  187Re  decay  alone.  Five  of  the  seven  samples  yield  model  ages  between  2.8  and  3.5  Ga  and  plot  along  a 
line  which  yields  an  age  of  2.90±0.38  Ga  (MSWD  =  15.8)  and  an  initial  Os  isotopic  composition,  YqsO)  >  of  82+41 
(Pearson  et  al.,  1995b). 

Discussion  --  Compared  to  eclogites  from  other 
Siberian  localities,  as  well  as  eclogite  xenoliths 
world-wide,  Udachnaya  eclogite  xenoliths  are 
unique.  Although  previous  workers  have  tended  to 
point  out  the  ^exceptional  nature  of  Udachnaya 
eclogites  (Jacob  et  al.,  1994;  Ireland  et  al,  1994),  we 
believe  that  the  differences  are  difficult,  if  not  totally 
misleading,  to  overlook.  First,  Udachnaya  eclogites 
exhibit  inter-  and  intra-grain  homogeneity  not  found 
in  other  eclogites,  including  those  from  the  Mir  and 
Obnazhennaya  pipes  of  Siberia  (e.g.,  Beard  et  al., 
1994).  Secondly,  Udachnaya  clinopyroxenes  are 
generally  more  LREE-depleted  than  others  from 
South  Africa  and  from  Mir  and  Obnazhennaya.  In 
fact,  several  Udachanaya  clinopyroxenes  are  at  least 
an  order  of  magnitude  more  LREE-depleted  than 
those  from  South  Africa  (Figure  1).  Third,  the  Sr 
isotopic  composition  of  Udachnaya 
clinopyroxenesare  less  radiogenic  than  those  from 
South  Africa  (Figure  2).  With  the  exception  of  two 
samples,  Udachnaya  clinopyroxenes  have  87Sr/86Sr  < 
0.705,  whereas  South  African  clinopyroxenes  are 
generally  >  0.706.  Fourth,  gamet-clinopyroxene 
pairs  from  Udachnaya  eclogites  yield  positive  slopes 
on  conventional  147Sm/144Nd  vs.  143Nd/144Nd 
diagrams  indicating  the  age  of  the  kimberlite  (Snyder 
et  al.,  1993),  whereas  gamet-clinopyroxene  pairs 
from  South  African  eclogites  often  given  negative 
slopes  indicating  negative  “ages”  and,  thus, 
disequilibrium  (Neal  et  al.,  1990).  Fifth,  garnets  and 
clinopyroxenes  from  the  Siberian  eclogites  exhibit 
less  oxygen  isotopic  variability  than  eclogite 
xenoliths  from  South  Africa  (Figure  2).  Therefore,  it 
is  the  interpretation  of  the  singular  nature  of  the 
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Udachnaya  eclogites  which  is  of  paramount  importance. 

In  contrast  to  Ireland  et  al.  (1994),  we  are  convinced  that  the  isotopic  and  trace-element  signatures  of  these 
eclogites  yield  important  evidence  about  early  Earth  evolution.  The  alarm  sounded  by  Ireland  et  al.  (1994)  from  the 
study  of  diamond  inclusions  seems  unwarranted  in  light  of  the  recent  findings  of  Taylor  et  al.  (1995;  this  volume). 
We  believe  that  at  least  two  diverse  sources  for  Siberian  eclogites,  one  mantle  and  one  crustal,  is  still  allowed  by  the 
present  data  set.  Based  particularly  on  the  consistency  of  trends  in  major-  and  trace-element  mineral  chemistry  with 
oxygen  isotopic  compositions  that  vary  above  and  below  mantle  values,  Fraracci  (1994)  and  Beard  et  al.  (1995) 
have  convincingly  argued  that  the  Mir  eclogites  are  dominantly  of  a  subducted  ophiolite  origin.  However,  the 
Udachnaya  eclogites  have  oxygen  isotopic  values  which  lie  only  within  and  above  the  mantle  range;  no 
convincingly  low  8lsO  values  have  been  found  (Snyder  et  al.,  1995).  Also,  no  consistent  mineral-chemical  trends 
have  been  found  with  oxygen  isotopic  values  for  the  Udachnaya  eclogites,  contrary  to  the  results  of  Jacob  et  al. 
(1994)  for  a  much  smaller  sampling. 

This  lack  of  correlation  between  mineral-chemical  compositions  and  oxygen  isotopes,  along  with  the  unzoned 
nature  of  the  minerals,  can  be  explained  in  two  ways.  The  Udachnaya  kimberlite  lies  near  the  center  of  the  Siberian 
craton  and  thus  could  have  tapped  a  source  which  came  from  deeper  in  the  mantle  keel  than  that  for  the  more 
peripheral  Mir  kimberlite.  Thus,  the  Udachnaya  eclogite  xenoliths  could  have  remained  at  much  higher 
temperatures  within  the  mantle  for  much  longer  times,  leaving  the  minerals  open  for  extensive  isotopic,  trace-  and 
major-element  diffusion.  This  could  have  allowed  more  complete  exchange  and  equilibration  with  the  surrounding 
mantle,  if  indeed  their  original  protolith  was  oceanic  crust.  Therefore,  any  oceanic  crustal  signature  could  be 
masked  by  later  overprinting.  Conversely,  these  eclogites  could  be  indicating  that  the  Udachnaya  eclogites, 
although  exhibiting  some  crustal  affinities  (either  directly  from  subducted  oceanic  crust  or  through  assimilation 
during  transport  and  emplacement),  contain  a  significant  mantle  component  not  found  in  the  Mir  kimberlites. 
Again,  this  mantle  component  could  have  been  derived  from  the  original  source  or  could  have  been  introduced 
through  diffusion  or  melt  interaction  over  time. 

One  of  the  confounding  aspects  of  such  a  study  is  the  realization  that  there  are  no  definitive  mantle  signatures 
in  igneous  rocks.  It  is  only  the  absence  of  crustal  signatures  that  allows  the  interpretation  of  a  mantle  origin  for 
some  igneous  rocks.  It  is  partly  for  this  reason  that  a  single,  unique  origin  for  the  Udachnaya  eclogites  cannot  be 
determined  at  this  time;  however,  several  other  conclusions  can  be  drawn:  (1)  Most  of  the  primary  minerals  in  the 
Siberian  eclogites  show  little  evidence  of  the  effect  of  later  metasomatism  or  kimberlitic  addition;  (2)  Although 
some  eclogites  could  be  residues  of  melting  to  form  Archean  granitoids,  many  others  seem  to  preclude  such  a 
history;  (3)  Re-Os,  Sm-Nd,  and  Rb-Sr  isotopic  studies  are  consistent  with  a  very  old  (at  least  2.9  Ga)  protolith  that 
had  its  ultimate  origin  in  depleted  mantle;  (4)  Some,  though  not  all,  eclogites  are  best  explained  as  processed 
portions  of  subducted  oceanic  crust;  (5)  Still  other  eclogites  (the  so-called  Group  A  eclogites)  are  consistent  with  a 
mantle  derivation  alone.  It  appears  that  we  must  still  conclude,  as  did  the  late  Ted  Ringwood  (1975),  that  eclogites 
do  indicate  a  “multiplicity  of  origins”. 
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Xenoliths  from  the  upper  mantle  have  undergone  a  wide  variety  of  processes  at  varying  P&T, 
many  of  which  are  recorded  in  the  mineral  compositions  and  textures.  Eclogites  and  peridotites 
are  of  great  interest  for  having  experienced  such  processes.  However,  the  petrogenetic 
connection  between  these  two  xenolith  types  is  not  yet  well  understood.  While  peridotites  are 
believed  to  be  of  true  mantle  origin,  several  models  for  the  origins  of  eclogites  have  been 
proposed.  Some  workers  believe  that  all  eclogites  are  derived  from  the  subducted  oceanic  crust 
(Jacob  et  al,  1994;  Ireland  et  al.,  1994),  while  others  have  proposed  that  at  least  some  eclogite 
xenoliths  could  be  derived  from  the  mantle  (McCulloch,  1988;  Neal  et  al.,  1990;  Jerde  et  al., 

1993;  Snyder  et  at.,  1993)  or  even  that  all  of  them  represent  high-pressure  mantle  cumulates 
(Smyth  et  al.,  1989).  Coleman  et  al.  (1965),  divided  eclogites  into  three  different  groups  A,  B, 
and  C,  based  on  their  origin.  This  classification  was  put  into  chemical  framework  by  Shervais  et 
al.  (1988),  Taylor  and  Neal  (1989)  and  Neal  et  al.  (1990).  According  to  this  later  classification, 
Groups  B  and  C  represent  subducted  oceanic  crust  while  Group  A  eclogites  have  a  true  mantle 
origin. 

The  Siberian  Platform  is  located  in  northeastern  Russia,  occupying  a  large  territory  from  Lake 
Baikal  to  the  Arctic  ocean.  Eclogites  studied  represent  part  of  an  extensive  collection  of 
diamondiferous  eclogites  from  the  Udachnaya  kimberlite.  Three  eclogite  samples  from  the 
Udachnaya  kimberlite  were  examined  in  this  study.  Ail  samples  are  7-10  cm  on  average  in  longest 
dimension,  coarse-grained,  and  equigranular.  Two  eclogites  (U-25/84  and  U-281/84)  consist  of 
usual  bimineralic  assemblages  of  garnet  and  clinopyroxene  in  proportions  from  45:50  and  60:40 
respectively.  Garnets  in  these  samples  are  pale-orange  in  color  and  have  grain  size  ranges  from  1 
to  8  mm  in  longest  dimension.  Embayed  borders  for  garnet  grains  are  a  significant  feature  for 
both  samples.  Clinopyroxene  is  pale-green  in  color  and  interstitial  to  garnet  grains.  Both  garnet 
and  clinopyroxene  are  extensively  fractured.  Sample  U-92/18  consists  of  a  usual  eclogitic  mineral 
assemblage  (i.e.  garnet+clinopyroxene)  plus  orthopyroxene  which  occurs  both  as  exsolution 
lamellae  in  clinopyroxene  and  as  anhedral  grains  with  size  ranges  from  0.2  to  0.4  mm.  Garnet  is 
pale-orange  in  one  part  of  the  sample  and  orange  to  pink-orange  in  another  with  grain  size  ranges 
from  0.2  to  3  mm  in  longest  dimension.  Clinopyroxene  also  varies  in  color  from  pale-green  to 
grass-green.  Rutile  and  ilmenite  are  present  as  inclusions  in  aU  mineral  phases  in  this  sample. 
These  inclusions  are  very  small,  i.e.  20-40  pm  in  longest  dimension. 

Garnet  and  clinopyroxene  grains  are  chemically  homogeneous,  without  intra-grain 
compositional  zonation.  However,  there  is  inter-grain  variation  in  both  garnet  and  clinopyroxene 
in  samples  U-25/84  and  U-281/84.  Clinopyroxene  and  garnet  from  these  samples  are  also 
enriched  in  Cr203  when  compared  to  other  eclogites  from  the  Udachnaya  kimberlite  (Fig.  1). 
Sample  U-92/18  contains  both  “low”  and  “high”-Cr  garnet  and  clinopyroxene.  The  amount  of 
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Cr203  in  both  garnet  and  clinopyroxene  increases  from  one  part  of  the  sample  to  another  from 
0. 1-0.2  to  0.8- 1.0  wt.%,  respectively.  Orthopyroxenes  are  homogeneous  with  Mg#  equal  to  94. 
Ilmenites  are  high-Mg  in  composition,  having  MgO  15.5-15.9  wt.%,  similar  to  those  from 
ultramafic  assemblages  described  by  Haggerty  (1991).  There  are  two  types  of  rutile  inclusions 
present  in  sample  U-92/18.  The  first  type  is  characterized  by  trace  amounts  of  O2O3  (0. 16-0. 19 
wt.%),  and  CaO  (0.70-0.85  wt.%),  while  the  second  type  contains  1.95-2.10  wt.%  Nb205  with 
higher  Cr203  (0.266-0.30  wt.%)  and  lower  CaO  (0.35-0.50  wt.%).  REE  abundances  are  “typical” 
for  Group  A  eclogites  in  general  both  for  garnets  and  clinopyroxenes  (i.e.  La/YbGt  ~  0.04, 
La/Ybcpx  *  130-270  as  per  Taylor  and  Neal,  1990):  There  are  no  differences  in  REE  abundances 
between  “high-”  and  “low”-Cr  garnets  and  clinopyroxenes  from  sample  U-92/18. 

Garnets  from  studied  eclogites  are  enriched  in  Cr203  contents  which  makes  them  similar  to 
low-Cr  peridotitic  garnets  (Fig.  2).  Moreover,  “high”-Cr  eclogite  garnets  are  nearly  identical  to 
some  low-Cr  garnets  from  peridotites.  Clinopyroxenes  show  distinctive  differences  between 
Groups  B/C  and  A,  with  Group  A  clinopyroxenes  enriched  in  MgO,  as  was  stated  also  for  South 
African  eclogites  by  Neal  et  al.  (1990). 

There  is  a  good  correlation  between  Mg  and  Cr  content  in  both  garnet  and  clinopyroxenes,  i.e. 
increasing  Mg  with  increasing  Cr.  It  may  well  represent  some  kind  of  hybridization  between 
eclogites  and  peridotites.  This  hybridization  may  have  been  caused  by  a  process  similar  to'  that 
proposed  by  Ringwood  (1989).  According  to  Ringwood  enriched  “eclogitic”  melts  saturated 
with  garnet  and  clinopyroxene  are  injected  into  a  peridotitic  layer  where  they  react  with  Mg-rich 
substance.  Although  this  process  seems  to  be  complicated  it  can  well  explain  the  origin  of 
peridotitic  phases  in  the  eclogite  rock.  Xenolith  U-92/18  represents  ah  eclogite  groups  in  one 
sample,  and  it  is  also  metasomatised  (rutile  inclusions  with  high  Nb  content,  high-Mg  ilmenite). 
Therefore,  the  Group  A  eclogites  may  be  the  transitional  samples  between  Group  B/C  eclogites 
and  peridotites. 
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Figure  captions 

Figure  1 .  CaO  vs.  Cr203  in  clinopyroxenes  for  the  Udachnaya  eclogites. 

Figure  2.  Cr203  vs.  CaO  in  garnets  for  the  Udachnaya  eclogites  and  peridotites. 
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Mantle  xenoliths  brought  to  the  Earth’s  surface  provide  a  window  through  which  to  view  the 
upper  mantle.  These  xenoliths  likely  have  undergone  numerous  processes  at  varying  P&T  which 
are  recorded  in  the  mineral  compositions  and  texture.  Metasomatism  is  one  of  these  processes 
and  plays  an  extremely  important  role  in  the  alteration  and  modification  of  the  rocks  and  minerals. 

A  garnet  peridotite,  sample  A- 143,  was  collected  from  the  Mir  kimberlite  pipe  on  the  Siberian 
Platform.  The  Siberian  Platform  is  located  in  northeastern  Russia,  represents  a  unique 
opportunity  for  studying  mantle  xenoliths..  Major-  and  trace-element  chemistry  of  garnet, 
clinopyroxene,  orthopyroxene,  and  olivine  from  this  garnet  peridotite  have  been  determined  by 
electron  microprobe  and  ion  microprobe. 

A- 143  is  a  garnet  peridotite,  consisting  of  a  typical  mineral  assemblage  of  olivine, 
orthopyroxene,  clinopyroxene,  and  garnet  with  small  amounts  of  chrome  spinel  and  phlogopite. 
The  sample  is  equigranular  and  consists  of  mostly  olivine  and  orthopyroxene  with  grain  sizes 
ranging  from  0.5  to  3  mm.  Garnet,  clinopyroxene  and  sometimes  phlogopite  occur  as  an 
intergrowths  or  “microxenoliths”  (fingers,  selvedges  of  clinopyroxene  in  garnet)  1-3  mm  in  size. 
Chromites  are  quite  small  (0. 1-0.3  mm)  and  occur  as  inclusions  in  garnet-cpx  intergrowths. 

Olivine  and  orthopyroxene  do  not  show  significant  compositional  variation,  and  have  typical 
garnet  peridotite  compositions;  Mg#  for  olivine  and  enstatite  component  for  orthopyroxene  both 
equal  ~92.  Garnets  in  sample  A- 143  have  significant  core-to-rim  chemical  zonation  (Fig.  1-3)  and 
inter-grain  compositional  variation.  The  rims  are  highly  enriched  in  Cr203  compared  to  the  core, 
8.10  and  4.90  wt.  %  respectively.  A1203  contents  decrease  from  20.0  to  17.5  wt.  %  from  core  to 
rim.  Cr203  contents  between  separate  grains  vary  from  4.30  to  9.30  wt.%.  Clinopyroxene 
exhibits  intergrain  compositional  variation.  Cr203  contents  vary  from  6.05  to  6.80  wt.%  while 
Na20  changes  from  6.70  to  7.25  wt.%  at  the  same  time.  Therefore,  clinopyroxene  is  unique  in 
composition,  containing  the  highest  Na20  and  Cr203  contents  yet  reported  for  peridotites,  i.e.  it  is 
enriched  in  so-called  kosmochlor  component  (i.e.  NaCrSi2C>6  up  to  21%).  Chrome  spinels  do  not 
exhibit  inter-grain  compositional  variation,  having  Cr203  contents  57.5-58.0  wt%,  AUO3  6.50- 
7.30  wt.%  and  MgO  10.0-10-4  wt.%.  Phlogopite  contains  9.60-9.80  wt.%  K20,  25.5-25.7  wt.% 
MgO  and  0.40-0.60  wt.%  F. 

Trace-elements  in  garnets  show  convex-upward  patterns  with  both  LREE-depleted  and 
HREE-depleted  signatures  (Fig. 4).  Garnet  rims  (high  Cr203)  are  slightly  enriched  in  LREE  and 
depleted  in  HREE  compared  to  the  core.  Clinopyroxene  REE  patterns  also  are  convex-upward 
and  exhibit  no  significant  intergrain  variation.  Clinopyroxenes  are  slightly  depleted  in  LREE  (20- 
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50xCl  chondrites),  enriched  in  MREE  (60-70x0  chondrites)  and  depleted  in  HREE  (5-20x0 
chondrites). 

According  to  the  classification  scheme  for  peridotite  garnets  proposed  by  Sobolev  et  al. 

(1973),  garnets  from  A-143  fall  within  the  harzburgite-dunite  field  on  a  Cr203  -  CaO  plot. 
However,  this  sample  consists  of  a  typical  lherzolite  mineral  assemblage  (i.e.  Gt  +  Opx  +  01  r 
Cpx).  Sobolev  et  al.  (1973)  stated  that  high  Na  contents  in  clinopyroxene  lowers  Ca  contents  in 
coexisting  garnet  and  therefore  “moves”  garnet  compositions  from  the  lherzolite  to  the 
harzburgite  field  (Fig.  3).  Figure  3  shows  that  lherzolite  garnet  compositions  having  slope  parallel 
to  lherzolite  field  borders  and  correlation  coefficient  r  =  0.80  are  shifted  towards  the  harzburgite 
field.  Line  1-1’,  Fig.  3  (Sobolev  et  al.,  1973)  limits  garnet  compositions  in  respect  to  Ca  contents 
for  Iherzolites  containing  the  most  Na-rich  clinopyroxenes. 

No  other  peridotite  xenoliths  with  such  specific  features  of  coexisting  garnet  and  clinopyroxene 
have  been  documented  to  date.  The  densest  parts  of  these  xenoliths,  i.e.  “microxenoliths”  of  Gt  + 
Cpx  +  Chr  ±  Phi  occur  sometimes  in  kimberlite  “concentrates”  (Sobolev,  1974)  indicating  that 
these  peculiar  peridotites  are  subjected  to  disaggregation.  The  compositional  features  of 
coexisting  garnet  and  chromite  are  similar  to  those  of  graphite-bearing  peridotites  (Sobolev,  1974; 
Pokhilenko  et  al.,  1993;  Pearson  et  al.,  1994). 

REE  abundances  do  not  vary  significantly  from  the  core  to  the  rim.  In  contrast  with  zoned 
garnets  in  harzburgites  (Shimizu  et  al.,  1994),  an  absence  of  REE  variation  from  the  core  to  the 
rim  can  be  explained  by  equilibrium  between  coexisting  garnet  and  clinopyroxene. 

Significant  garnet  zonation,  unusual  gamet-clinopyroxene  intergrowths  (fingers,  and/or 
selvedges  of  cpx  and  garnet)  and  unique  clinopyroxene  compositions  point  to  involvement  of 
metasomatic  fluids.  However,  the  nature  of  these  fluids  is  not  well  understood.  In  fact,  according 
to  the  REE  patterns,  this  fluid  could  be  kimberlitic,  with  (La/Nd)n  =5-10,  and  Nd~100xCl 
chondrites.  In  any  case,  sample  A-143  represents  a  mineral  assemblage  with  unique  chemical 
compositions  and  unusual  textural  features. 
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Figure  captions 

Figure  1.  X-ray  map  of  A-143  garnet. 

Figure  2.  Cr203  zonation  in  sample  A-143. 

Figure  3.  Cr203  vs.  CaO  in  garnets  from  sample  A-143 

Figure  4.  Chondrite-normalized  REE  diagram  for  A-143  zoned  garnet. 
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ARKHANGELSK  DIAMOND  INCLUSIONS 


N.V. Sobolev1,  E.S. Yefimova1,  L.F.Reimers1,  O.D. Zakharchenko2,  A.I.Makhin3,  L.V. Usova1. 

United  Institute  of  Geology,  Geophysics  and  Mineralogy,  630090  Novosibirsk,  Russia 
2Centr.  Res.  Inst,  of  Prosp.  for  Base  and  Prec.  Met.,  Moscow,  Russia 
3Severalmaz  Enterprise,  Arkhangelsk,  Russia 

Two  hundred  unaltered  inclusions  represented  by  different  mineral  phases  have  been 
extracted  out  of  174  diamonds  from  five  kimberlitic  pipes  of  Zolotitsa  field  from  Arkhangelsk 
kimberlite  province.  Geologic  position  of  this  field  is  briefly  described  by  Sinitsyn  et  al.  (1994). 
Both  microdiamonds  (less  than  1  mm)  and  macrodiamonds  (1-3  mm)  are  represented  in  the 
available  collection  approximately  in  equal  proportion  in  general,  but  variable  for  each  individual 
pipe.  Octahedral  crystals  are  dominating  among  microdiamonds  and  dodecahedral  crystals  are 
the  most  typical  of  larger  samples.  Most  of  studied  diamonds  contain  one  phase  only  as 
inclusion,  however  some  two,  three  and  even  four  mineral  assemblages  of  inclusions  are 
detected. 

Table  1  presents  the  results  of  an  estimation  of  inclusions  abundance  from  diamonds  of 
five  studied  pipes  based  upon  electron  probe  analyses  and  some  published  information 
(Kvasnitsa  et  al.,  1993;  Yefimova  et  al.,  1989;  Zakharchenko  et  al.,  1991). 


Table  1.  Abundance  of  studied  inclusions  in  diamonds  from  several 
_ _  Arkhangelsk  kimberlite  pipes _ 


Pipe 

n 

ultramafic 

eclogitic 

ol 

chr 

g 

a 

en 

cp 

X 

phi 

ga 

omf 

cs 

ky 

Lomonosov  (L) 

51 

26 

22 

5 

~ 

_ 

= 

_ 

_ 

- 

Pionerskava  (Pi) 

34 

24 

11 

3 

1 

_ 

1 

_ 

_ 

Karpinski  1  (K) 

42 

21 

14 

- 

5 

2 

9 

_ 

_ 

_ 

Pomorskaya  (Po) 

41 

23 

4 

3 

6 

- 

- 

10 

3 

1 

- 

Snegurochka  (Sn) 

6 

1 

3 

- 

- 

- 

- 

- 

1 

- 

1  • 

Total 

174 

95 

54 

1 

1 

12 

2 

1 

19 

4 

1 

1 

Note:  n  =  number  of  studied  diamonds  with  inclusions. 


Garnets  are  found  in  30  diamonds  from  four  pipes.  Their  composition  is  extremely 
variable  (see  Table  2).  The  most  unique  sample  (Po-99)  is  represented  by  a  garnet  of  creamy 
color  characterized  by  a  silica  excess  (Si  =  3.175)  and  alumina  deficiency  indicating  a 
presence  of  a  pyroxene  solid  solution  similar  to  that  described  by  Moore  and  Gurney 
(1985)  and  Wilding  et  al.  (1991).  However  Pomorskaya  pipe  sample  is  different  from  Group  B 
garnets  from  Monastery  mine.  It  is  close  in  compositional  features  to  websterite-pyroxenite 
garnets  (Sobolev,  1974)  containing  low  CaO  and  low  Fe/Fe+Mg  (17.0)  mol.%)  along  with  Cr 
presence. 

Typical  low  Ca  Cr-pyropes  of  dunite-harzburgite  paragenesis  (Sobolev,  1974)  are 
detected  in  studied  diamonds.  Selected  analyses  are  represented  in  Table  2.  Eclogitic  garnets 
contain  variable  CaO  demonstrating  a  wide  range  in  compositions.  Additional  support  of 
possibilities  of  presence  of  kyanite  eclogite  paragenesis  with  Ca-rich  garnet  is  a  find  of  a 
kyanite  inclusion  (see  Table  1).  Al!  eclogitic  garnets  contain  higher  sodium  on  an  average 
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compared  with  eclogitic  garnet  inclusions  worldwide  with  an  exception  of  Argyle  inclusions  only 
(Sobolev,  1974;  Sobolev  et  al. ,  1991). 

Pyroxenes  of  ultramafic  (peridotitic)  type  are  represented  by  typical  chrome  diopsides 
and  enstatites  (Meyer,  1987).  However  eclogitic  pyroxenes  have  indications  of  a  high  systematic 
potassium  abundance  shown  (see  Table  2)  for  all  available  samples  from  two  pipes. 

Olivines  are  similar  in  their  composition  to  all  diamond  inclusions  (Meyer,  1987).  Typical 
analyses  from  intergrowths  with  chromite  grains  are  presented  in  Table  2. 


Table  2.  Selected  analyses  of  inclusions 


Sample 

Si02 

Ti02 

AI?Oa 

Cr203 

FeO 

MnO 

MgO 

CaO 

Na20 

K20 

Total 

Garnets 

Po-99 

45.1 

0.71 

16.6 

1.22 

8,47 

0.23 

23.1 

4.01 

0.23 

nd 

99.66 

Po-4 

41.9 

0.06 

15.8 

9.33 

6.93 

0.36 

20.2 

5.20 

0.02 

nd 

99.80 

Pi-52 

40.4 

0.08 

11.4 

15.7 

6.31 

0.38 

19.5 

4.20 

0.05 

nd 

98.02 

Po-79 

41.3 

0.12 

22.5 

0.02 

17.5 

0.32 

15.1 

2.74 

0.20 

nd 

99.80 

Po-1 5 

39.6 

0.57 

21.6 

<0.02 

17.2 

0.30 

7.10 

13.0 

0.31 

nd 

99.68 

Pyroxenes 

K-l-71 

57.6 

<0.02 

0.54 

0.49 

3.90 

0.08 

35.6 

0.43 

0.10 

nd 

99.64 

Po-36 

56.0 

0.56 

15.5 

0.02 

3.37 

0.02 

5.69 

9.47 

7.67 

0.41 

98.71 

Po-45 

56.1 

0.60 

12.9 

<0.02 

4.76 

0.06 

6.68 

11.1 

6.51 

0.72 

99.43 

Po-10 

55.2 

0.58 

12.8 

0.05 

4.51 

0.06 

6.97 

11.2 

6.84 

0.79 

99.00 

Sn-7 

56.1 

0.64 

13.5 

<0.02 

4.00 

0.06 

6.77 

11.1 

6.63 

0.65 

99.45 

Olivines 

Pi-52 

41.5 

<0.02 

<0.02 

0.05 

6.85 

0.11 

51.5 

0.02 

0.33* 

nd 

100.36 

L-267 

41.5 

<0.02 

<0  02 

0.07 

6.53 

0.10 

51.6 

0.01 

0.35* 

nd 

100.16 

Chromites 

Pi-52 

0.25 

0.18 

6.66 

64.2 

13.7 

0.23 

13.9 

0.10* 

nd 

nd 

99.22 

L-267 

0.03 

0.06 

4.48 

65.3 

15.5 

0.22 

13.0 

0.09* 

nd 

nd 

98.69 

Phlogopite 

Pi-52 

41.5 

0.41 

12.8 

2.00 

2.68 

0.03 

24.8 

0.10 

0.06 

9.98 

94.36 

Note:  *  -  NiO,  nd  -  not  determined. 


Chromites  are  similar  in  their  composition  to  the  absolute  majority  of  inclusions  in 
diamonds  (Meyer,  1987;  Sobolev  et  ah,  1989).  Seven  diamonds  from  available  collection 
contain  each  2-5  chromite  grains  as  inclusions  and  in  all  the  samples  the  differences  in 
compositions  of  different  grains  are  fixed.  Four  grains  extracted  from  K-l-69  diamond  contain 
from  5.87  to  7.80  wt.%  Al203,  from  63.1  to  65.2  wt.%  Cr203,  from  13.2  to  14.0  wt.%  FeO  (Tot) 
and  from  13.9  to  14.4  wt.%  MgO.  Sample  Pi-28  contains  the  following  range  of  all  listed  oxides 
in  the  same  order  (5  grains):  from  3.27  to  4.76  wt.%,  from  65.2  to  66.5  wt.%,  from  15.1  to  16.8 
wt.%  and  from  11.7  to  13.4  wt.%.  It  is  possible  to  conclude  that  the  former  sample  is 
characterized  by  wider  range  in  A!203  and  C‘r203  and  narrower  range  in  FeO  and  MgO  contents. 
An  opposite  trend  with  a  wider  range  in  FeO  and  MgO  contents  is  typical  of  sample  Pi-28. 

Phlogopite  is  considered  as  one  of  the  rarest  inclusion  in  diamonds  and  uncertain  in 
respect  of  its  primary  or  secondary  origin  (Meyer,  1987).  However,  phlogopite  from  sample  Pi- 
52  coexisting  with  low  Ca  Cr-pyrope,  olivine  and  chromite  (see  table  2  for  analyses)  is 
characterized  by  low  FeO,  Ti02  arid  high  Cr203  contents  and  is  typical  of  dunite-harzburgite 
paragenesis  as  was  earlier  described  by  Sobolev  et  al.,  (1988). 

Coesste  was. found  together  with  eclogitic  garnet  and  one  kyanite  inclusion  was 
detected  (see  Table  1). 

Temperature  estimate  for  50  kbar  pressure  (O'Neill,  Wall,  1987)  shows  the  range  from 
1040  to  1260°C  with  an  average  close  to  1120°C. 

Diamonds  from  Lomonosov  and  Pionerskaya  pipes  representing  50%  of  all  collection  do 
not  contain  eclogitic  inclusions  at  all.  This  might  be  explained  by  a  general  smaller  size  of 
available  crystals  from  these  pipes.  As  shown  by  Gurney  (1989)  and  Sobolev  et  al.  (1989)  larger 
diamonds  both  of  Finsch  and  Yakutian  pipes  contain  much  more  eclogitic  inclusions  compared 
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with  smaller  size  diamonds.  However,  taking  into  account  such  a  trend  is  possible  to  conclude 
that  a  general  proportion  of  eclogitic  diamonds  in  Arkhangelsk  pipes  is  higher  compared  with 
Yakutian  mines  and  is  close  to  that  of  alluvial  diamonds  from  the  north  of  the  Siberian  Platform 
(Yefimova,  Sobolev,  1977). 

The  stable  indications  of  very  high  pressure  origin  of  some  studied  samples  including  the 
unusual  websterite-pyroxenitic  type  garnet  containing  pyroxene  solid  solution  are  of  special 
importance.  Stable  high  Na  in  eclogitic  garnets  and  K  in  pyroxenes  are  indicative  of  diamond 
facies  as  was  firstly  noted  by  Sobolev  (1974).  Arkhangelsk  diamonds  occupy  transitional 
position  between  Yakutian  and  West  Australian  occurences  in  relation  of  maximal  depth  of  their 
origin. 

This  work  was  support  by  International  Science  Foundation  and  Russian  Basic  Research 
Foundation  (grant  93-05-9613). 
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3-D  TEMPERATURE  AND  COMPOSITION  IN  THE  UPPER  MANTLE  CONSTRAINT  BY 
GLOBAL  SEISMIC  TOMOGRAPHY  AND  MINERAL  PHYSICS 


Sobolev,  S.V.  (1,2),  Widmer,  R.  (1)  and  A.  Yu.  Babeyko  (2). 

1-  Geophysical  Inst.,  University,  Karlsruhe,  Germany,  ssobolev@gpiwapl.physik.uni-karlsruhe.de 

2-  Schmidt  Institute  of  Physics  of  the  Earth,  Moscow 

3-D  Shear  velocity  structure  of  the  upper  mantle  proposed  by  modem  global  seismic 
tomographic  models  (e.g.  Su  et  al.,  1994)  has  striking  correlation  with  global  tectonic  features.  The 
dominating  features  in  the  upper  mantle  are  low  velocity  domains  which  correspond  to  the  oceans  and 
high  velocity  roots  of  continental  cratons  which  extend  down  to  at  least  400  km.  It  is  remarkable  that 
continental  roots  are  not  as  well  seen  in  the  global  gravity  field.  Recent  advances  in  mineral  physics 
make  it  possible  to  interpret  these  tomographic  models  and  gravity  data  in  terms  of  rocks  composition 
and  physical  state. 


Effects  on  seismic  velocity 

The  seismic  velocities  in  the  upper  mantle  are  controlled  by  the  following  factors: 

(1)  Bulk  chemical  composition  and  corresponding  mineralogical  composition  which  depends  on 
equilibrium  pressure  (P)  and  temperature  (T).  (2)  Rock  fabrics  which  is  dominated  by  the  preferential 
orientation  of  olivine  grains  and  may  cause  strong  seismic  anisotropy.  (3)  Direct  effect  of  temperature 
and  pressure  on  density  and  elastic  moduli.  (4)  Melt. 


Composition. 

To  study  the  effect  of  composition  on  density  and  seismic  velocities  we  apply  the  technique  of 
petrophysical  modelling  (Sobolev  and  Babeyko,  1994).  We  directly  minimize  Gibbs  free  energy  of 
multiphase,  multicomponent  system  to  calculate  the  mineralogical  composition  of  the  rock  with  the 
given  bulk  chemical  composition  equilibrated  at  given  P  and  T.  Density  and  isotropic  elastic  moduli  are 
calculated  from  mineralogical  composition  and  elastic  properties  of  single  crystals  using  the  Hashin- 
Shtrikman  averaging  procedure.  We  employ  room  P,T  elastic  properties  of  single  crystals  and  correct 
them  for  high  P,T  following  a  modified  procedure  from  Duffy  and  Anderson  (1989). 
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Fig.  1  shows  the  calculated  Vs  versus  density  for 
rocks  of  different  peridotitic  compositions  equilibrated  in 
garnet  peridotite  facies  at  P=3  GPa  and  T=12G0  C.  As  we 
see  the  depletion  causes  the  significant  increase  of  velocity 
and  decrease  of  density  (see  also  Jordan,  1975),  which 
however  does  not  exceed  1.2%  for  Vs.  Thus  composition 
effect  is  much  too  small  to  account  for  more  than  7  % 
upper  mantle  Vs  variation  in  the  model  by  Su  et  al. 
(1994).  Although  composition  effect  on  velocity  is 
relatively  small,  its  effect  on  density  is  important. 


- T - j - T _ j _ , _ j  Rock  fabrics. 

3.24  328  332  3.36  Preferential  orientation  of  olivine  crystals  can 

Density,  g/cm3  cause  large  variations  of  seismic  velocities  in  the  upper 

F*  ,.  Calculated  Vs  versus  density  for  different  garnet  peridoWes  mant|(,  (g  g  j9g3)_  However  tomographic  model  of 

Su  et  al.  (1994)  which  we  employ  is  constructed  by  simultaneous  fitting  a  huge  amount  of  S-wave  travel 
times,  wave  forms  of  surface  waves  (both  Love  and  Rayleigh  waves)  and  of  S-  and  P-  body  waves  with 
different  polarisation  and  good  azimuthal  coverage.  Therefore  the  anisotropic  effects  should  be  strongly 
suppressed  in  this  model,  and  we  will  treat  it  hereafter  as  truly  isotropic. 
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Temperature,  pressure  and  partial  melt. 

The  direct  effects  of  temperature  and  pressure  are  calculated  from  high-P,T  equation  of  state 
modified  from  Duffy  and  Anderson  (1989)  with  the  correction  for  anelasticity.  Anelastic  correction  is 
proportional  to  attenuation  (Karato,  1993)  which  exponentially  increases  with  homologous  temperature 
(Sato  et  al.  1989).  The  parameters  of  the  attenuation  model  are  taken  from  laboratory  experiments  on 
ultramafic  rocks  at  high  T  and  seismic  frequencies  (see  e.g.  Karato  and  Spetzler,  1990)  and  are 
calibrated  using  the  global  attenuation  data  for  the  upper  mantle  (Anderson  and  Given  1982). 
Temperature  effect  incorporating  anelasticity  is  rather  strong  and  can  cause  1-2%  of  velocity  reduction 
due  to  temperature  increase  by  every  100  °C.  Temperature  and  composition  effects  taken  in  right 
combination  can  explain  variations  of  seismic  velocities  without  accompanying  variations  of  density. 

We  assume  that  partial  melting  starts  when  the  dry  solidus  temperature  is  reached  and  Vs 
decreases  by  1-3%  by  every  1%  of  partial  melt. 

Inversion  technique. 

We  divide  upper  mantle  part  of  the  tomographic  model  of  Su  et  al.  (1994)  into  blocks  of 
5°x5°x50  km.  As  a  reference  composition  we  take  the  composition  of  MORE  source  mantle  by  Kinzler 
and  Grove  (1992).  For  every  block  we  find  the  absolute  temperature  and  degree  of  depletion  relative  to 
reference  composition  by  solving  the  non-linear  equation  which  relates  velocity  to  temperature  and 
composition.  By  this  we  achieve  exact  fit  of  the  observed  seismic  velocities.  As  additional  constraints 
we  impose:  (1)  that  effects  of  depletion  and  temperature  on  density  mutually  compensate  in  the 
continental  upper  mantle  (required  by  gravity  observations),  (2)  seismological  constraint  on  the  value  of 
average  attenuation  in  the  upper  mantle. 


Fig.  2  shows  calculated  potential 
temperatures  at  depth  intervals  of 
100-200  km  (a)  and  200-400  km  (b). 
Note  that  this  is  purely  ..seismo¬ 
logical  temperature^  derived  absolu¬ 
tely  independently  from  usual  tempe¬ 
rature  constraints  (surface  heat  flow 
and  xenoliths). 

We  get  potential  temperatures  of 
1300-1450  °C  beneath  the  -oceans 
which  are  remarkably  close  to  the 
estimations  from  composition  of 
MORE,  1290-1440  °C  (Kinzler  and 
Grove,  1992).  We  suggest  that  the 
coldest  oceanic  mantle  (1300  °C)  is 
beneath  the  Central  Atlantic.  The 
hottest  one,  T=  1400- 1450  °C,  is 
beneath  the  Pacific  and  Indian 
Oceans  and  Iceland. 

Potential  temperature  beneath  the 
continental  shields  is  by  300-400°C 
lower  than  beneath  the  oceans  at 
depth  range  of  100-200  km.  This 
difference  decreases  with  depth,  but 
it  is  still  larger  than  150-200  °C  at 
the  depth  range  of  200-400  km. 


Results. 


1000  1100  1200  1300  1400 


Fig.  2.  Upper  mantle  potential  T  (°C)  derived  from  tomographic  model 
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pattern  but  is  about  two  times  less  in  magnitude. 


Fig.  3  shows  calculated  degree  of 
depletion  relatively  to  MORB 
source  mantle  (0-1)  at  a  depth  of 
50-200  km.  MORB  source  mantle 
corresponds  to  depletion  of  0  and 
most  depleted  harzburgite  with 
Fo93  (Pearson  et  al.,1995)  to  1. 
Strongly  depleted  mantle  is 
restricted  to  the  old  continents  and 
degree  of  depletion  is  maximal 
beneath  the  Precambrian  cratons. 
Depletion  degree  at  a  depth  of  200- 
400  km  has  the  similar  geographic 


Deep  continental  roots 

The  critical  point  is  whether  the  modem  global  tomographic  model  (Su  et  al.,  1994)  can  resolve 
well  enough  the  structures  at  a  depth  of  200-400  km.  If  yes,  then  the  deep  roots  of  the  continents  do 
extend  at  least  down  to  400  km  depth.  In  this  case  the  plausible,  if  not  only  possible,  interpretation  of 
the  seismic  and  gravity  data  suggests  extremely  thick,  cool  and  depleted  chemical  boundary  layer 
beneath  cratons.  Thus  we  confirm  the  idea  of  tectosphere  suggested  by  T.  Jordan  (see  e.g.  Jordan, 
1975).  Our  approach  allows  to  consider  the  structure  of  tectosphere  in  more  details. 

In  Fig.  4  we  plot  estimated  temperature  beneath  the 
Northern  American  shield  at  depth  ranges  of  50-200  and 
200-400  km  (horizontal  lines).  Together  with  the 
reasonable  assumption  about  the  temperature  at  50  km, 
T(50)  =400-500  °C,  these  average  values  provide  rather 
narrow  constraints  on  geotherms.  In  the  depth  range  of 
50-150  (200)  km  successful  geothermes  fit  very  well  the 
range  of  xenolith  temperatures.  However,  geothermal 
gradient  have  to  be  small  (less  than  1  °C/km)  at  200-400 
km  range.  We  explain  such  a  low  gradient  by  the 
dominance  of  the  convective  heat  transport  in  the  deep 
(200-400  km)  part  of  the  continental  root.  Such  a  root 
looks  more  like  a  cool  asthenosphere  attached  to  the  thick 
cold  lithosphere  rather  than  a  deep  lithospheric  keel. 

Because  of  the  difference  in  chemical  composition, 
cool  asthenosphere  of  the  continental  root  has  almost  the 
same  density  as  normal  asthenosphere,  but  it  is  by  1  or  2  orders  of  magnitude  more  viscous.  That  is  why 
it  remains  attached  to  the  continental  lithosphere  during  the  plate  motion.  Since  deep  continental  roots 
allow  for  internal  convection,  big  enough  plumes  are  likely  able  to  go  through  the  roots  and  can  reach 
the  base  of  150-200  km  lithosphere  causing  kimberlite  or  flood  basalt  volcanism. 
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DEFORMED  DUNITES  FROM  THE  UDACHNAYA  PIPE 


Solovjeva,  L.V.1,  Dneprovskaya,  L.R.1,  Lipskaya,  V.I.2  and  Barankevich,  V.G.2 

1.  The  Earth’s  Crust  Institute,  664033,  Irkutsk,  Russia 

2.  Rare  Metal  and  Gold  Institute,  Irkutsk,  Russia 

The  deformed  ferruginous  dunites  from  the  Udachnaya  pipe  in  contrast  to  magnesian  dunites  from 
the  same  pipe  which  together  with  harzburgites  are  sometimes  diamond-bearing,  are  practically  not 
studied. 


Ferruginous  dunites  from  the  Udachnaya  pipe  exhibit  characteristic  deformed  structures  with 
preserved  large  olivine  porphyroclasts  in  fine-grained  (  <  0,2  mm )  neoblast  olivine  matrix.  Porphyroclasts 
and  matrix  ratio  varies  in  different  samples  from  2:8  to  8:2.  Olivine  in  porphyroclasts  and  in  matrix  is 
greyish-brown,  brownish,  honey-yellow  in  colour  and  contains  84-90%  Fo.  Sometimes  ilmenite  occurs  in 
rocks  in  the  form  of  veinlets  usually  marginating  olivine  porphyroclasts.  Ilmenite  segregations  are  of  fine¬ 
grained  poly  crystalline  structure.  In  two  studied  samples  12/83  ,  247/82  (Table  1)  ilmenite  is  represented 
by  picroilmenite  in  which  about  one  third  of  iron  is  ferric. 

More  magnesian  variety  occurs  along  with  deformed  ferruginous  dunites  in  the  Udachnaya  pipe. 
Neoblastic  olivine  aggregate  in  deformed  dunite  xenolith  219/87  compose  no  more  than  20%  of  volume 
surrounding  large  (  0,8-3, 5  cm  )  partially  clastic  olivine  crystals  (Fo  92  )  in  the  form  of  cementing 
coronated  structures.  Porphyroclasts  (  Ol  i  )  and  neoblasts  (  01  2)  have  the  same  composition  (Table  1). 
Rounded  garnet  grains  in  wide  kelyphitic  rims  and  oval,  sometimes  regular  grains  of  subcalcic 
clinopyroxene  are  located  within  olivine  megacrystals.  Ti-rich  pyrope  is  also  rich  in  Cr  (10,6  wt%  Cr  2O  3). 
Subcalcic  clinopyroxene  (Ca  /  (Ca+Mg)=0,404)  contains  0,36  wt%  TiO  2  and  2,29  wt%  Cr  2O  3. 
Chemistry  of  minerals  from  this  dunite  is  the. most  similar  to  Cr-rich  megacrysts  from  Colorado- 
Wyoming  (Eggler  et  al.,  1979).  Garnet  with  similar  composition  is  recognized  in  dunite  from  kimberlites 
of  Montana  (Hearn,  McGee,  1984)  and  an  analogous  garnet  occurs  in  zonal  crystal  nuclei  from  Ti- 
bronzite  megacryst  in  Weltevreden  pipe,  U.A.R.  (Meyer  et  al.,  1979)  and  in  zonal  garnets  from  the  Mir 
and  Udachnaya  pipes  (Sobolev,  1974;  Egorov  et  al.,  1 986).  Chemically  inhomogenous  spinel  forms 
submicroscopic  grains  into  external  kelyphite  on  garnet  and  it  is  essentially  oxidized  (Spi,  Sp2,  Tablel). 

Dunite  xenolith  275/87  represents  a  glomerogrowth  of  large  practically  undeformed  olivine  crystals 
F092  (from  1  to  2  cm)  which  shows  a  cleavage  jointing  and  traced  retranslation.  They  include  rounded 
pyrope  grains  bordered  by  kelyphite  and  subcut  clinopyroxene,  orthopyroxene  and  chromite  grains. 
Titanic  chromite  from  this  sample  belongs  to  poorly  oxidized  variety  and  correlates  chemically  with 
chromites  of  diamond  paragenesis. 

Thus,  dunites  from  the  Udachnaya  pipe  represent  a  rock  subsequence  from  ferruginous  mineral  type 
to  magnesian  one,  the  latter  being  similar  to  mineral  type  in  diamondiferous  dunites  from  this  pipe 
(Pokhilenko  et  al.,  1979;  Sobolev  et  al.,  1984).  It  is  significant  that  olivines  from  ferruginous  dunites 
correspond  chemically  to  ferruginous  branch  of  olivine  megacrysts  and  those  from  magnesian  dunites 
correlate  with  magnesian  branch  of  olivine  megacrysts  from  the  Udachnaya  pipe.  Significantly  more  weak 
deformation  marks  in  magnesian  dunites  compared  to  ferruginous  ones  are  possibly  related  to  lesser 
magnesian  olivine  capacity  to  retranslation  gliding  and  to  recrystallization.  Reduced  formation  regime 
resulted  possibly  in  magnesian  and  chromous  mineral  chemistry  and  in  diamond  and  graphite 
crystallization  in  magnesian  dunites  whereas  the  presence  of  oxidized  ilmenite  in  the  most  ferruginous 
dunites  indicate  predominantely  oxidized  formation  regime. 
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Table  1 .  Mineral  analyses  for  dunites  from  Udachnaya  pipe.  Weight  percent. 
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12/83 
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219/87 

219/87 
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_ 
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NiO 
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0,11 

0,25 

0,08 

0,37 

0,34 

- 

0,03 

0,09 

0,01 

0,40 

_ 
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0,07 
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100,30 
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99,94 
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THE  ROLE  OF  f02  REGIME  IN  EVOLUTION  OF  MANTLE  METASOMATISM 
AND  DIAMOND  FORMATION. 


Solovjeva,  L.V./1)  Egorov  K.N.,0)  Dneprovskaya,  L.V.,0)  Kharkiv,  A.D.,(2)Popolitov,  K.E.O 
0)  The  Earth’s  Crust  Institute,  Irkutsk,  664033,  Russia.  (2)  Central  Research  Geological  Survey  Institute  of 
Nonfereous  and  Precious  Metals  (CNIGRI),  Moskow,  Russia.  (3)  Geophysical  Expedition,  Moskow, 
Russia. 


The  relationship  between  metasomatism  and  general  metamorphism  in  deep-seated  xenoliths  from 
the  Udachnaya  pipe  makes  it  possible  to  recognize  two  major  metasomatism  stages.  Metasomatic 
associations  texturally  equlibrated  with  the  primary  minerals  belong  to  the  early  stage:  graphite  + 
phlogopite  +  sulfides  (Galimov  et  al.,  1989)  ,  phlogopite  +  apatite  (Solovjeva  et  al.,  1994)  ,  phlogopite  + 
ilmenite.  Metasomatic  associations  develop  among  the  primary  mineral  grains  and  also  as  streaky 
segregations  and  veinlets.  In  the  first  case  metasomatic  and  primary  minerals  form  an  integral 
granoblastic  fabric  and  relatively  large  mica  flakes  (0,2  -  2  mm)  are  usually  deformed.  Metasomatizing 
fluids  seem  to  be  introduced  in  subcontinental  lithosphere  during  the  entire  rock  metamorphism. 

The  primary  and  metasomatic  mineral  composition  of  this  stage  for  two  characterizing  samples  are 
given  in  table  1.  One  margin  in  common  type  granular  spinel  lherzolite  xenolith  (218  /  87)  is  fringed  by 
mica  plates  (0.2  -1  mm)  and  fine  ilmenite  grains  developed  at  1  cm  of  the  margin.  Oh  from  intergrowth 
with  phlogopite  significally  more  ferrugenous  compared  to  01 1  in  xenolith  that  indicate  the  absence  of 
total  chemical  equilibrium  during  the  metasomatism.  Spi  from  lherzolite  and  Ilm  from  selvage  are  poorly 
oxidized.  Narrow  dark  rims  on  phlogopite  plates  (Phh)  and  submicroscopic  Ti-magnetite  grains  (Sp2) 
enclosed  in  them  are  already  belonging  to  later  metasomatic  stages.  Blocks  (0.8  -  3  cm)  of  orthopyroxene 
deformed  megacryst  in  the  sample  68  /  83  are  healed  by  fine-grained  granoblastic  aggregate  from  diopside, 
mica  and  apatite  also  filling  two  thin  veinlets. The  former  small  melting  areas  composed  by 
submicroscopic  serpentine,  calcite  and  magnetite  material  are  related  to  phlogopite  and  apatite.  Exsolved 
pyroxene  megacrystals  are  healed  by  garnet,  pyroxene,  mica  and  graphite  granoblastic  aggregate  in  two 
garnet  pyroxenites  from  the  Udachnaya  pipe,  described  by  Galimov  et  al.,  (1989). 


Table  1 


Sample  (218  /  87)  Spinel  lherzolite  with  a  Phi  -  Ilm  selvage 

(68  /  83)  Pyroxenite 
with  Phi ,  Ap 

Oxide, 

wt.% 

Oh 

Oh 

Opx 

Cpx 

Spi 

Sp2 

Phh 

Phh 

Ilm 

Opx 

Cpx 

Phi 

Si02 

40.62 

40.25 

55.88 

54.31 

- 

41.65 

38.30 

0.02 

55.76 

52.52 

40.90 

Ti02 

- 

0.01 

- 

- 

- 

17,0 

3.05 

3.45 

57.20 

0.03 

0.19 

4.36 

A12Oj 

- 

- 

3.79 

3.39 

46.32 

4.0 

11.14 

14.95 

0.13 

3.47 

4.69 

14.74 

Cr203 

- 

0.01 

0.65 

0.82 

22.72 

1.0 

0.74 

0.79 

1.06 

0.47  . 

0.83 

1.12 

Fe203 

- 

- 

1.03 

- 

2.16 

- 

- 

FeO 

7.44 

11.53 

4.86 

1.68 

10.92 

63.0* 

4.89 

4.91 

23.55 

6.25 

2.16 

2.75 

MnO 

0.04 

0.14 

0.11 

0.02 

0.24 

- 

- 

0.39 

0.11 

0.06 

- 

MgO 

51.93 

48.06 

34.11 

16.78 

18.34 

15.0 

23.54 

22.70 

15.75 

33.74 

14.56 

19.99 

CaO 

- 

0.04 

0.40 

22.20 

- 

- 

- 

0.13 

0.15 

22.24 

- 

Na20 

0.02 

1.01 

- 

0.31 

0.13 

- 

- 

1.47 

0.29 

K20 

- 

- 

- 

0.02 

- 

9.72 

9.90 

- 

-  ■ 

- 

9.62 

NiO 

0.37 

0.28  ■ 

0.07 

0.02 

0.16 

0.16 

0.09 

0.08 

0.10 

0.05 

0.24 

total 

100.4 

100.32 

99.89 

100.25 

99.73 

100.0 

95.20. 

95.22 

100.47 

100.08 

98.77 

94.01 

(557  /  80)  Garnet-olivine  websterite  with  metasomatic  phlogopite 
and  chromite 

(233  /  82)  Garnet  harzburgite  (lherzolite  ?)  with  primary  chromite 
and  graphite 

Gnt 

Opx 

Cpx 

Chr 

Phi 

Ol 

Gnt 

Opx 

Chr 

Sp 

Phi 

Si02 

42.15 

58.35 

55.96 

0.44 

43.75 

41.77 

40.78 

58.69 

- 

0.10 

39.99 

Ti02 

0.01 

0.02 

0.10 

0.85 

0.26 

- 

- 

- 

0.44 

1.82 

AhOj 

18.54 

0.39 

2.76 

3.38 

11.72 

- 

17.08 

0.32 

7.26 

34.43 

13.58 

Cr203 

6.94 

0.30 

4.91 

57.62 

0.62 

0.02 

8.96 

0.22 

65.69 

29.75 

2.18 

Fe203 

- 

- 

- 

- 

- 

- 

0.23 

- 

- 

6.39 

FeO 

7.90 

5.34 

3.10 

23.32* 

3.64 

7.22 

6.91 

4.58 

14.92 

10.91 

3.96 

MnO 

0.46 

0.11 

0.09 

0.66 

0.03 

0.10 

0.52 

0.07 

0.55 

0.45 

0.01 

MgO 

20.05 

35.17 

14.01 

9.08 

24.33 

50.32 

19.23 

36.71 

11.44 

16.81 

23.28 

CaO 

5.09 

0.32 

15.64 

- 

0.01 

0.02. 

6.05 

0.26 

- 

- 

0.02 

Na20 

- 

4.38 

- 

0.20 

- 

- 

0.15 

- 

0.24 

k2o 

- 

0.02 

- 

11.26 

- 

- 

- 

- 

- 

9.74 

NiO 

- 

- 

- 

0.04 

0.06 

0.36 

- 

- 

- 

0.12 

0.11 

total 

101.14 

100.00 

100.97 

95.39 

95.88 

99.81 

99.76 

101.00 

99.86 

99.40 

94.93 

*  total  iron  as  FeO 
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The  late  metasomatism  is  pervasive  in  deep-seated  xenoliths  of  various  lithology,  it  is  largely 
examined  in  kimberlites  elsewhere  in  the  world  and  is  usually  believed  to  be  a  precursor  of  kimberlite 
magmatism.  Two  subsequent  prosses  steps  can  be  revealed.  At  early  step  metasomatic  phlogopite  and 
titanous  chromite  replace  the  primary  garnet  and  the  clinopyroxene  is  recrystallized  into  chains  of  fine  Cr- 
diopside  grains. Reactional  phlogopite,  chromite  and  Cr-diopside  form  irregular  areas,  “ponds”.  The 
chromite  composition  (0.7  -  2.2%  Ti02 ;  3.1  -  5.6%  AI2O3;  57.6  -  58.8%  Cr203;  0.88  -0.93  Cr/(Cr+Al);  0.54  - 
0.59  fin)  approaches  to  least  chromian  chromites  of  diamondiferous  peridotitic  paragenesis  that  possibly 
due  to  high  reduced  fluid  regime  of  the  prekimberlite  metasomatism  initial  stage.  The  primary  (Ol,  Opx, 
Gnt)  and  synantetic  (Phi,  Chr,  Cr-Di)  mineral  compositions  from  garnet  olivine  websterite  (557  /  80)  are 
listed  in  tablel.  The  next  stage  of  this  metasomatic  process  is  represented  by  characteristic  reactional  rims 
on  primary  and  early  stage  metasomatic  minerals.  Reactional  rims  on  garnet  include  Al-pyroxenes,  mica, 
inhomogenous  spinel  ( from  Cr-spinel  to  magnetite),  amphibole.  Orthopyroxene  is  replaced  on  margins  by 
acicular  amphibole,  the  submicroscopic  clinopyroxene,  spinel,  magnetite  grains.  Primary  sulfides  are 
replaced  by  djerfisherite.  Rare  ilmenite  can  be  identified  in  this  stage  products.  Spinel  composition  related 
to  late  metasomatism  exhibit  continous  series  from  titanous  chromites  through  Cr-spinel  to  magnetites 
(Sp2  in  218  /  87),  that  seem  to  be  testified  the  fluid  change  from  reduced  at  the  begining  of  metasomatic 
cycle  to  oxidized  one  at  the  end. The  late  metasomatism  is  sometimes  followed  by  partial  rocks  melting. 
This  process  results  in  rounded,  composed  by  p oly cry st aline  submicroscopic  aggregates  which  include  Ti- 
amphibole,  Ti-phlogopite,  spinelids,  calcite,  rare  zone  olivine  and  oxidized  ilmenite,  isotropic  serpentine. 

The  primary  .and  metasomatic  mineral  compositions  from  garnet  harzburgite  (lherzolite?)  with 
discrete  chromite  grains  and  single  graphite  plates  (233  /  82)  belonging  to  the  primary  assemblage  are 
given  as  example.  Chromite  chemistry  is  similar  to  that  of  chromites  from  diamond  inclusions  and 
diamondiferous  peridotites,  and  it  practically  does  not  contain  ferric  iron.  The  late  submicroscopic 
oxidized  Cr-spinel  and  fine-flaked  phlogopite  form  narrow  external  keliphitic  rims  on  garnet  and 
intergrained  segregations. 

In  order  to  evaluate  the  fluid  lg  f02  of  late  prekimberlite  metasomatic  stage  we  used  Spenser’s  and 
Lidndsley’s  method  (1981)  for  estimation  of  coexisting  spinel-ilmenite  pairs  from  the  following 
associations: 

1.  Former  melting  areas  in  reactional  rims  on  primary  minerals  of  enstatite  eclogite  (88/85); 

2.  Polycrystaline  submicroscopic  inclusions  (Ti-Phl,  Cc,  Ilm,  Sp,  Serp)  in  Cr-poor  garnet  megacryst  (C-52); 

3.  Poly  icry  st  aline  submicroscopic  inclusions  of  the  same  composition  in  Cr-poor  garnet  megacryst  from 
deformed  peridotite(UV-303);  4.  Fine-grained  ilmenite-phligopite  MARID-type  orthopyroxenite  (195  /82). 
Estimated  lg  f02  values  are  plotted  on  and  above  the  FMQ  curve  (Fig.l).  The  points  corresponding  to 
Ilm-Sp  inclusions  in  compositionally  heterogeneous  (0.4-0. 6%  Ti02;  3.3-5.5  %  Cr203  ;  12.5-13.3  %  FeO; 
7.7-10.5%  CaO)  Ca-rich  garnet  megacryst  from  the  Udachnaya  pipe  chemically  similar  to  some 
megacrysts  reveal  analogous  position  but  at  higher  temperatures.  These  data  together  with  high  lgf02 
values  obtained  by  Haggerty  and  Tompkins  (1983)  for  ilmenite  megacrysts  suggest  that  prekimberlite 
asthenosphere  derived  fluids  have  been  strongly  oxidized.  On  the  contrary,  the  starting  of  the  late 
metasomatic  process  took  place  under  reduced  conditions  that  propose  asthenospheric  fluid  f02  inversion 
in  the  range  of  entire  diamond  and  kimberhte-forming  cycle,  discussed  in  the  proposed  model  (Fig. 2) 

The  model  consists  of  two  stages:  (I)  the  subcontinental  lithosphere  plate  (L)  with  incorporated 
ancient  cratons  is  geo  dynamically  compressed  preventing  heat  and  magma  escape.  A  change  of  the 
convective  heat  flow  in  the  asthenosphere  (A)  by  the  conductive  one  in  the  lithosphere  causes  a 
temperature  rise  of  300-400°C  under  the  lithosphere  base  resulting  in  the  appearence  of  a  discontinues 
melt  layer.  The  asthenospheric  meltng  layer  is  a  membrana  which  mainly  allows  passage  of  mobile 
hydrogen  and  noble  gases.  The  hydrogen  flow  involves  a  series  of  gas  reaction:  2C02  +  6H2  —  CH4  +  C 
+  4  H20;  2CO  +  4H2  —  CH4  +  C  +  2H20;  3NO  +  6H2  — 2NH3  +  N  +  3H20.  This  leads  to  diamond  (0) 
crystallization  in  the  upper  boiling  melt  layer,  redox-metasomatism  (I W),  diamond  growth  in  the  deepest 
lithosphere  (>  150  km),  as  well  as  to  Green  and  Taylor’s  “redox-melting”with  the  formation  of  “eclogite” 
melts.  On  the  contrary,  deeper  horizons  of  the  asthenospheric  melt  layer  are  inversely  more  oxidized 
(FMQ).  Melt  layer  is  a  barrier  for  the  asthenospheric  diapirs. 

(II)  Removal  of  geodynamic  vice,  loosening  of  the  lithosphere  plate  and  rifting.  As  a  consequence, 
flowing  of  asthenospheric  melts  up  into  the  rift  and  their  partial  freezing  to  uplifted  parts  of  the 
lithosphere  base  (cumulus  of  crystals  -C)  take  place.  When  the  weakened  zone  of  the  plate  sliding  along 
the  asthenosphere,  happens  to  occur  directly  above  the  ascending  convective  stream  (Cs),  the 
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asthenospheric  diapirs  (D)  with  entrained  diamond-bearing  substance  rush  through  the  lithosphere. 

Kimberlitic  liquids  separate  in  the  upper  part  of  rising  diapirs  due  to  their  partial  melting. 
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Fig.  1  T-  lg  f02  relations  for  coexisting  Ilm  -  Sp  pairs  from  late  metasomatic  products  and  melting  areas  in 
deep-seated  xenoliths,  megacrysts  and  ilmenite-phlogopite  orthopyroxenite  of  MARID-type,  the 
Udachnaya  and  Mir  (C-52)  pipes  (crosses);  for  Ilm  -Sp  pairs,  included  in  Ca-rich  garnet  megacryst, 
the  Udachnaya  pipe  (closed  circles);  Ilm  -Sp  pairs  in  ilmenite  megacrysts  from  West  Africa  (open 
circles)  and  buffers  MnO  -  Mn3C>4,  FMQ,  MW,  IW  from  Haggerty  and  Tompkins  (1983). 

Fig.2  The  model  of  diamond  formation.  Dashed  line  gr-di  is  the  graphite-diamond  boundary. 


Fig.l  Fig.2 
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EVOLUTION  OF  THE  ANCIENT  SUBCONTINENTAL  LITHOSPERE  FROM 
THE  DEEP-SEATED  AND  LOWER  CRUST  XENOLITHS  DATA  FROM 
YACUTIAN  KIMBERLITES. 


Solovjeva  L.V.,0)  Kiselev  A.I.,(»  Mordvinova  V.  V..,0)  Barankevich  V.G.(2) 

(1) The  Earth’s  Crust  Institute,  Irkutsk,  664033,  Russia 

(2) Rare  Metal  and  Gold  Institute,  Irkutsk,  Russia 

PT-data  for  deep-seated  xenoliths  from  the  Udachnaya  pipe  represented  by  metamorphic 
harzburgites,  lherzolites  and  pyroxenites  show  a  layered  stratificated  structure  of  the  Upper  Mantle  in  the 
central  part  of  the  Siberian  platform  (Anabar  craton)  up  to  depths  of  210-220  km  (Fig.  1).  From  the 
Obnazhennaya  pipe  geotherm  the  layered  structure  is  recognized  with  reasonable  confidence  up  to  depth 
of  100-120  km  for  the  Olenek  craton. Correlation  between  petrological  (Fig.  la)  and  geophysical  (Fig.  lb) 
cross-sections  for  the  centre  of  the  Anabar  craton  of  the  Siberian  platform  shows  similarity  in  layered 
lithology  and  low-velocity  zones  position.  The  subjacent  layer  on  geotherm  (180-220  km)  is  generally 
composed  of  deformed  garnet  lherzolites  and  rarely  of  poorly  deformed  ilmenite  peridotites  (lherzolite, 
websterite).  The  low-velocity  layer  in  the  range  of  195-250  km  correspond  to  it  on  geophysical  profile.  The 
next  layer  of  garnet  pyroxenites,  garnet  olivine  websterites  (143-177  km)  correlates  well  with  low-velocity 
zone  in  the  range  of  145-160  km,  whereas  pyroxenite  layer  immediately  underlying  the  crust  is  not  directly 
correlated  with  two  upper  low-velocity  zones  on  geophysical  cross-section. 

Thus,  it  is  suggested  that  subcratonic  lithosphere  possesses  a  layered  structure  (Solovjeva  et  al., 
1994)  and  is  composed  of  thick  alternating  plates,  layers  predominately  of  lherzolite-harzburgite  and 
pyroxenite- websterite  compositions.  Characteristic  metamorphic  structures  of  these  rocks,  presence  of 
exsolved  megacrystals  of  primary  high-temperature  orthopyroxene  in  Sp,  Sp+Ga,  and  Ga  garzburgites 
and  lherzolites  and  analogous  ortho-  and  clinopyroxene  megacrystals  in  pyroxenites  and  websterites  of 
different  facies  obviously  indicate  the  existense  of  premetamorphic  “hot”  stage  in  lithospheric  protolith 
history.  In  separate  composite  samples  with  contacts  between  websterites  and  pyroxenites  on  the  one 
hand,  and  lherzolites  and  harzburgites,  on  the  other,  uniform  mineral  composition  and  the  meta¬ 
morphism  of  already  existed  contact  is  observed.  It  may  be  assumed  that  lithospheric  protolith  including 
the  protocrust  is  of  ancient  magmatic  origin  and  it  was  initiated  as  a  layered  structure  due  to  crystalli¬ 
zation  of  great  magma  reservoire  on  the  Earth’s  surface  (Solovjeva  et  al.,  1994)  as  evidenced  by  high 
initial  temperatures  calculated  for  high  temperature  pyroxene  “precursor”  from  pyroxenites,  websterites 
and  metabasite  granulites  from  the  Udachnaya,  Obnazhennaya  and  Slyudyanka  pipes  (Fig.  2). 

Presence  of  thick  pyroxenite  layers  in  the  mantle  subcratonic  lithosphere  and  their  possible  ancient 
magmatic  origin  indicate  the  great  role  of  high-temperature  pyroxene  fractionation  in  initial  melts. 
Possibilities  of  such  pyroxene  fractionation  in  liquid  corresponding  to  average  peridotite  spinifex-textured 
komatiites  from  Abitibi  (Condy,  1981)  are  given  in  Table  1.  Pyroxenite  and  websterite  bulk  composition 
containing  exsolved  pyroxene  megacrystals  composed  of  parallel  alternating  exsolution  lamella: 
Cpx+Opx+Ga;  Cpx+Opx+Sp;  Cpx+Opx+Sp+Ga  were  taken  as  fractionating  materials.  It  is  assumed 
that  these  rocks  at  “hot”  protholith  stage  were  monomineral  cumulates  composed  of  homogenous  mixed 
pyroxenes  (“precursor”-pyroxene).  A  short  sample  description  is  given  in  table  captions.  Calculation  of 
residual  liquid  were  made  by  proportional  subtraction  of  30%  of  fractionating  materials  from  the  A 
composition. 

During  removal  of  composition  74/161,  possibly  represented  at  hot  stage  megacrystal  cumulus  of 
Ca,  Al-rich  orthopyroxene  from  liquid  A,  the  residual  liquid  LI 4  enriched  in  Ti,  Ca,  Fe  and  depleted  in 
Mg  is  displaced  to  high-magnesian  basalt  compositions.  “Precursor” -pyroxene  composition  74/161  is 
rather  close  to  liquidus  pyroxene  crystalliized  at  4GPa  and  1700°C  from  Al-depleted  komatiite  in 
experiments  of  Wei  et  al.  (1990).  Residual  liquid  composition  LI 4  is  in  general  similar  to  average 
ferrugenous  composition  of  pyroxenites,  websterites  from  the  Obnazhennaya  pipe  C4.  Ferrugenous  garnet 
pyroxenites  from  the  above  pipe  C6  and  ungranitizated  metabasite  granulites  from  the  Obnazhennaya, 
Slyudyanka  and  Udachnaya  pipes  PC  show  a  tendence  to  less  magnesian  basalts. 

30%  fractionation  of  74/300  represented  at  hot  stage  a  cumulus  of  homogenous  mixed  crystals  on 
the  clinopyroxene  basis  leads  to  very  insignificant  increase  in  MgO  and  CaO  contents.  74/300  composition 
is  comparable  to  liquidus  pyroxene  crystallized  from  Al-undepleted  komatiite  at  5.5  Gpa  and  1780°C 
(Wei  et  al.,  1990).  30%  fractionation  of  7/73  and  6/73  also  represented  at  hot  stage  the  cumulus 
homogenous  pyroxenes,  displaces  residual  liquids  LI 5  and  LI 6  to  ultrabasic  compositions  containing  28- 
31  wt.%  of  MgO.  L16  residual  liquid  as  a  whole  approaches  starting  HSS-15  komatiite  (Wei  et  al.,  1990), 
except  for  CaO/AL03  ratio.  CaO/AL03  ratio  in  calculated  residual  liquids  varies  from  0.89  to  1.73  (L18) 
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Fig.  1 .  a:  Layered  structure  of  the 
upper  mantle  in  centre  of  the 
Siberian  platform  from  the  deep- 
seated  xenoliths  PT-data  from  the 
Udachnaya  pipe;  U  -  "Udachnaya" 
geotherm,(Solovjeva  et  al.,1994). 
b:  The  part  of  cross-section  in 
interval  2300-2700  km  along  sei¬ 
smic  profile  II  after  Egorkin  et  al. 
(1984).  Numbers  are  Vp  values. 
Low- velocity  layers  are  shown. 


shennaya,  Slyudyanka  pipes.  U  - 
:hnaya”  geotherm;  1-1-1  and  2-2  are 
of  spinel  -  garnet  transition 
regor,  1965  and  Ringwood  et  al., 
)•  G  -  granulites  field  after 
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that  indicate  possible  melt  composition  change  from  primary  Al-undepleted  composition  to  residual  Al- 
depleted  one. 

Thus,  using  the  Siberian  platfonn  as  an  example  ,  it  can  be  shown  that  craton  protoliths  represent 
the  layered  structures  originated  during  solidification  of  great  magma  reservoires  on  the  Earth’s  surface 
and  they  are  similar  to  layered  intrusions,  Fractionation  of  high-temperature  mixed  pyroxenes  and 
possibly  of  olivine  initiated  cumulus  layers  of  high -temp  era  lure  harzburgites  converted  lo  Sp,  Sp-Ga,  Ga 
lherzolites  and  harzburgites  of  common  type  during  cooling  and  metamorphism.  Cumulus  layers  high- 
temperature  clinopyroxenes  and  orthopyroxenes  subsequently  initiated  pyroxenite-websterite  layers. 
Protocrust  originated  during  crystallization  of  residual  basite  liquids. 

Evident  differences  in  metamorphism  and  in  average  estimated  compositions  of  protoliths  from 
the  Anabar  and  Olenek  cratons  suggest  that  different  cratons  resulted  from  magma  reservoirs  of  different 
ages  and  cratonisation  constituted  pressing  and  soldering  of  different-age  protoliths  of  various  thickness 
which  were  in  different  physical  state  (temperature,  viscosity,  plasticity  etc.). 
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Table  1 .  The  calculation  of  pyroxene  fractionation  from  the  initial  komatiitic  liquid. 


Sample 

No 

A 

74/161 

HSS-15 

(138) 

L14 

C4 

C6 

PC 

74/300 

LI  1 

M620 

(260) 

7/73 

L15 

6/73 

LI6 

HSS- 

15 

569 

80 

L18 

Si02 

46,91 

54,04 

54,2 

43,86 

50,16 

47,24 

47,50 

49,79 

45,67 

52,7 

48,32 

46,30 

50,39 

45.41 

46,77 

48,24 

46,34 

Ti02 

0,39 

0,08 

0,06 

0,53 

0,19 

0,07 

1,14 

0,31 

0,41 

0,16 

0,16 

0,48 

0,11 

0,51 

0,33 

0,23 

0,46 

AI2O3 

8,16 

4,88 

2,46 

9,57 

9,93 

13,61 

15,65 

7,79 

8,31 

5,68 

12,34 

6,37 

12,55 

6,27 

3,42 

13,53 

5,86 

FeO* 

9,95 

5,05 

7,63 

12,04 

8,13 

11,17 

12,14 

9,47 

10,16 

7,95 

8,69 

10,49 

6,13 

11,59 

11,26 

12,73 

8,76 

MgO 

26,24 

33,67 

32,7 

23,06 

21,68 

16,20 

9,63 

25,15 

26,70 

26,8 

21,32 

28,34 

15,68 

30,77 

31,51 

21,60 

28,23 

CaO 

7,88 

1,86 

2,56 

10,86 

8,17 

9,81 

11,05 

5,89 

8,73 

6,75 

7,88 

7,88 

13,15 

5,61 

5,67 

2,65 

10, 1 1 

Na20 

0,14 

0,21 

0,04 

0,11 

1,30 

1,40 

1,83 

1,23 

0,00 

0,03 

0,84 

0,00 

1,82 

0,00 

0,12 

0,33 

0,06 

K2O 

0,07 

0,09 

- 

0,06 

0,16 

0,14 

0,70 

0,12 

0,06 

- 

0,25 

0,00 

0,16 

0,03 

0,08 

0,29 

0,00 

P2O5 

0,02 

0,02 

- 

0,02 

0,02 

0,03 

0,17 

0,04 

0,01  ' 

- 

0,02 

0,02 

0,01 

0,02 

- 

0,02 

0,02 

MnO 

0,24 

0,10 

0,15 

0,30 

0,15 

0,20 

0,19 

0,21 

0,25 

0,16 

0,18 

0,27 

- 

0,24 

0,19 

0,38 

0,19 

Cr203 

- 

- 

- 

- 

0,11 

0,13 

CaO 

AI2O3 

0,97 

0,38 

1,04 

1,13 

0,82 

0,72 

0,71 

0,76 

1,05 

1,19 

0,64 

1,24 

1,05 

0,89 

1,66 

0,20 

1,73 

A,  average  periodite  komatiite  with  spinifex  texture  from  Abitibi,  Kanada  (Condy,  1981);  74/161 ,  megacrystalline 
orthopyroxenite  composed  by  large  (2-7  cm)  exsolved  orthopyroxenite  crystals  (  layered  parallel  intergrowths 
of  Cr-diopside,  garnet,  spinel)  in  finegrained  matrix  of  the  same  minerals,  20%,  Udachnaya  pipe;  HSS-15(138), 
liquidus  pyroxene,  crystallized  from  Al-depleted  komatiite  by  1700  C  and  4GPa  (Wei  et  al.,  1990);  L14,  calculated 
residual  liquid  after  30%  fractionation  of  composition  74/161  from  A;  C4,  average  of  4  ferriferous  garnet  pyroxe- 
nites,  websterites,  Obnazhennaya  pipe;  C6,  avarage  of  6  ferriferous  garnet  clinopyroxenites,  Obnazhennaya  pipe; 

PC,  average  metabasite  granulite  from  Udachnaya,  Obnazhennaya  and  Slyudyanka  pipes  (Solovjeva  et  ah,  1994); 
74/300,  garnet  websterite,  composed  by  large  (5-7,5  cm)  exsolved  pyroxene  crystalls  (53  wt%  Cpx,  47  wt%  Opx  ) 
in  the  fine-grained  Cpx-Opx  matrix,  10%,  Obnazhennaya  pipe;  LI  1 ,  calculated  residual  liquid  after  30% 
fractionation  of  composition  74/300  from  A;  M6 20(260)  liquidus  pyroxene  cristallized  from  Al-undepleted  komatiite  by 
1780  C  and  5,5  GPa  (Wei  et  ah  1990);  7/73,  megacrystalline  garnet  clinopyroxenite  composed  by  large  (1,5-5  cm  ) 
exsolved  clinopyroxene  crystals  (10  wt%  Opx,  90  wt%  Cpx)  in  finegrained  matrix  of  the  same  minerals  and  garnet, 
20%,  Obazhennaya  pipe;  LI  5,  calculated  residual  liquid  after  30%  fractionation  of  composition  7/73  from  A;  6/73, 
megacrystalline  garnet  clinopyroxenite,  composed  by  large  (2-5  cm)  exsolved  clinopyroxene  crystals  (15-20  wt% 
Opx,  80-85  wt%  Cpx)  in  finegrained  matrix  (Gnt,  Opx,  Cpx),  Obnazhennaya  pipe;  LI 6,  calculated  residual  liquid  after 
30%  fractionation  of  composition  6/73  from  A;  HSS-15,  Al-depleted  komatiite  from  Barberton  (Wei  et  ah,  1990); 
569/80,  ferriferous  granoblastic  garnet  orthopyroxenite,  Udachnaya  pipe;  LI 8,  calculated  residual  liquid  after  30% 
fractionation  of  composition  569/80  from  A;  The  analyses  A,  74/161,  C4,  C6,  PC,  74/300,  7/73,  6/73,  569/80  are 
normalized  to  100%  on  avolatile  free  basis.  *  Total  iron  as  FeO. 
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DIAMONDIFEROUS  ECLOGITES  FROM  YAKUTIA:  EVIDENCE  FOR  A  LATE 
AND  MULTISTAGE  FORMATION  OF  DIAMONDS 

Zdislav  V.  Spetsius 

Institute  of  Diamond  Industry,  Mirny,  Yakutia,  Russia 

Investigation  of  representative  collections  of  diamonds 
from  different  kimberlite  pipes  of  Yakutia  by  birefringence, 
photo-  and  laser- luminescence  shows  that  near  50%  of 
diamonds  grew  in  single-stage  processes.  However, 
complicated  and  multistage  history  of  growth  has  been  noted 
for  part  of  diamonds  as  peridotitic  and  eclogitic 
paragenesis,  that  is  manifested  in  zonal  growth  of  diamonds 
and  resorption,  deformation  or  cleavage  of  crystals  and 
their  later  regrowth. 

The  results  of  investigation  of  large  crystals  of 
diamonds  of  octahedral  external  form,  show  that  their 
central  zones  may  have  different  shape:  cubic,  rounded, 
cubo-oc tahedral  or  octahedral.  This  evidences  that  diamonds 
have  a  multistage  and  interrupted  growth,  which  responds  to 
environmental  (Sunagava,  1984;  Bulanova  ,  1995:  Spetsius, 
1995)  and  P-T  condition  changes  and  probably  to  variations 
in  volatile  components. 

Some  petrologic  evidence  for  multistage  formations  of 
diamonds  in  kimberlites  and  mantle  xenoliths  are:  (1)  sharp 
boundaries  between  zones  having  different  nitrogen  content 
and  aggregation  stages  are  observed  in  some  diamonds 
(Bulanova,  in  press);  (2)  big  variation  and  difference  in 
carbon  isotope  composition  of  inner  and  outer  parts  of 
diamond  crystals;  (3)  abundance  of  sulfides  as  inclusions  in 
diamonds  and  heterogeneity  of  sulphur  isotope  compositions; 
(4)  regularities  of  distribution  of  inclusions  in  volume  of 
crystals;  (5)  finding  of  combined  associations  of  inclusions 
of  eclogitic  and  peridotitic  paragenesis  in  one  crystal;  (6) 
a  large  variation  in  Pb  isotopic  compositions  of  sulfides 
within  a  single  diamond  crystal  (Rudnick  et  al.,  1993). 

Estimations  of  ages  (Richardson,  1986:  Richardson  et. 
al . ,  1990)  suggest  that  diamonds  might  have  formed  in  a  long 
period  of  the  Earth  history,  especially  diamonds  of 
eclogitic  paragenesis.  Discovery  of  inclusions  of  partially 
recrystallized  silicate  melt  in  diamonds  of  eclogitic 
paragenesis  and  high  content  (by  an  order  of  magnitude)  of 
volatile  components  has  been  noted  in  these  diamonds  in 
comparison  with  those  of  peridotitic  paragenesis. 
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The  results  of  investigation  of  microinclusion  in  cubic 
diamonds  show  their  unusual  composition,  which  corresponds 
with  partially  crystalized  silicate  melt  products  having 
high  content  of  volatile  components,  that  suggests  a 
different  mechanism  of  growth  of  cubic  diamonds  and  their 
difference  from  octahedron  crystals.  At  the  same  time 
finding  of  cubic  diamonds  only  in  kyanite  or  other  high 
aluminous  xenoliths  in  different  pipes  of  Yakutia  and  South 
Africa  leaves  no  doubt  about  their  origin  in  eclogitic 
environment . 

Late  growth  of  diamonds  has  been  recorded  in  some 
xenoliths  of  diamondi f er ous  eclogites  from  the  Udachnaya 
kimberlite  pipe.  In  most  part  of  samples  these  diamonds  are 
small  cubes,  but  octahedra  occur  in  some  xenoliths  too. 

Later  origin  of  diamonds  in  part  of  xenoliths  most  probably 
is  connected  with  process  of  partial  melt  of  eclogites, 
which  is  widespread  in  eclogite  xenoliths  and  is  possibly 
related  to  global  mantle  metasomatism  (Spetsius  and  Serenco. 
1990) . 

Coats  on  some  eclogitic  diamonds  and  cubic  crystals 
with  fibrous  structure  were  formed  by  an  abnormal  mechanism 
of  nucleation  under  conditions  at  high  degree  of  carbon 
supersaturat ion  (Bulanova,  in  press).  Such  condition  may  be 
realized  in  the  last  stages  of  partial  melting  process  (when 
partial  melt  w^s  enriched  in  carbon)  that  sometimes  is 
possible  to  observe  in  eclogite  xenoliths  and  that  is  proved 
by  development  of  calcite  and  other  carbonate  minerals  in 
crystallized  partial  melting  products. 

Some  other  petrographic  and  petrologic  indications  of 
the  late  formation  of  diamonds  in  eclogites  are  discussed. 

It  is  proposed  that  late  growth  of  diamonds  in  eclogite 
xenoliths  is  connected  with  partial  melting  and  metasomatism 
of  mantle  rocks  by  active  role  of  volatile  components.  This 
process  might  have  taken  place  in  different  periods  of 
mantle  evolution  and  in  some  cases  was  probably  associated 
with  fluids  interaction  of  mantle  substance  (rocks)  that 
preceded  the  development  and  intruding  of  kimberlitic  melts. 


573 


References 


Bulanova  G.P.  (1995)  The  formation  of  diamond.  In: 

W.L. Griffin  (Editor).  Diamond  Exploration:  Into  the  21st 
Century.  J.Geochem.  Explor.,  53:  GEPLO  1331,  in  press. 

Richardson  S.H.  (1986)  Later-day  origin  of  diamonds  of 
eclogite  paragenesis.  Nature,  322,  623-626. 

Richardson  S.H.,  Erlank  A.J.,  Harris  J.W.  and  Hart  S.R. 
(1990)  Eclogitic  diamonds  of  Protorozoic  age  from 
Crataceous  kimberlites.  Nature,  346,  54-56. 

Rudnick  R.Y.,  Eldridge  C.S.,  Bulanova  G.P. (1993)  Diamond 
growth  history  from  in  situ  measurement  of  Pb  and  S 
isotopic  compositions  of  sulfide  inclusions.  Geology  21, 
13-16. 

Spetsius  Z.V.(1995).  Occurence  of  diamond  in  the  mantle:  a 
case  study  from  the  Siberian  platform.  In:  W.L. Griffin 
(Editor).  Diamond  Exploration:  Into  the  21st  Century. 
J.Geochem.  Explor.,  53:  GEPLO  1331,  in  press. 

Spetsius  Z.V.  and  Serenco  V.P.  (1990)  Composition  of 
continental  upper  mantle  and  lower  crust  beneath  the 
Siberian  Platform,  272  p.  Nauka ,  Moscow  (in  Russian). 

Sunagawa  I.  (1984).  Growth  of  crystals  in  nature.  In: 

I. Sunagawa  (Editor)  Materials  Science  of  the  Earth’s 
Interior,  Tokyo,  61-103. 


574 


TRACE  ELEMENTS  IN  SILICATE  AND  ORE  MINERALS  OF  ECLOGITE  XENOLITHS  FROM 
KIMBERLITE  PIPE  UDACHNAYA,  YAKUTIA 

Z  .  V.  Spetsius<;i)  and  W.  L . Gr if f  in< 2 > 

(1)  Institute  of  Diamond  Industry,  Mirny,  Yakutia,  Russia 

(2)  CSIRO  Div.of  Exploration  Geoscience,  Box  136,  N.Ryde,  Australia 

Introduction 

The  origin  and  petrogenetic  history  of  mantle  eclogites  is  a  controversial 
topic  in  mantle  petrology.  Recent  years  of  study  of  South  African  samples  and 
some  separate  xenoliths,  mostly  diamondiferous ,  from  Yakutian  kimberlites 
have  not  provided  clear  evidence  on  their  geochemistry  and  as  was  shown  by 
Ireland  et  al.  (1994)  the  trace  element  data  from  eclogite  minerals  must  be 
interpreted  with  caution  because  of  the  eclogites  complex  evolutionary 
history. 

Eclogite  xenoliths  are  widespread  in  Udachnaya  pipe  and  suite  of  eclogites 
from  this  pipe  includes  all  known  varieties  as  bimineralic  and  highaluminious 
kyanite  and  coesite  eclogites.  In  all  varieties  some  xenoliths  are 
diamondiferous.  More  than  30  samples  of  eclogite  xenoliths  from  Udachnaya 
kimberlite  pipe  were  investigated  for  trace  element  abundance  in  their 
silicate,  oxide  and  sulfide  minerals.  Investigated  samples  have  been  chosen 
from  different  varieties  of  xenoliths,  including  diamondiferous.  Trace 
elements  analyses  have  been  undertaken  on  the  HIAF  proton  microprobe  at  the 
C.S.I.R.O.  in  Sydney,  Australia.  The  methods  used  are  essentially  identical 
to  those  described  by  Griffin  at  al . { 1988 ;  1989).  In  this  work,  the  typical 
size  of  the  beam  spot  on  the  sample  was  30  microns,  and  beam  currents  were  7- 
12  nA.  These  xenoliths  have  been  described  and  analyzed  for  major  elements  by 
Spetsius  and  Serenco  (1990). 

Results 

In  the  most  part  of  samples,  concentrations  of  trace  elements  were 
studied  in  both  rockforming  minerals  such  as  garnet  and  clinopyroxene, 
besides  they  were  studied  in  some  rutiles  and  sulfides.  Trace  element 
concentrations  for  different  minerals  of  eclogites  are  summarized  in  Table  1. 
Three  groups  of  eclogites  are  divided 

Garnet 

The  analyzed  garnets  are  widely  range  in  Ca  and  Mg# .  The  mineral  shows  a 
wide  range  in  Ni  (10-140  ppm)  and  a  rough  correlation  of  Ni  with  Mg#.  There 
is  a  considerable  overlap  of  Ni  content  in  garnet  from  different  varieties 
with  a  little  more  higher  Ni  in  garnet  from  diamondiferous  xenoliths.  There 
is  also  a  large  range  in  both  Y  and  Zr.  These  two  elements  are  roughly 
correlated  and  Zr  correlates  positively  not  strong  with  Ti02  content.  Both  Zr 
and  Y  are  very  roughly  negatively  correlated  with  CaO.  Zr  content  is  slightly 
higher  in  garnet  of  diamondiferous  xenoliths.  Garnets  of  kyanite  eclogites 
are  depleted  both  in  Y  and  Zr  and  in  some  specimens  enriched  in  Sr.  On  the 
whole,  garnets  trace  elements  compositions  are  broadly  similar  in  three 
groups  of  eclogites.  The  garnets  from  eclogite  xenoliths  of  Udachnaya  pipe 
show  similar  trace  element  concentrations  to  those  from  eclogites  of  South 
Africa  and  garnet  inclusions  from  Monastery  and  Argyle  (Griffin  et  al.,  1988; 
Moore  et  al.,1989),  but  in  detail,  they  range  to  more  less  Ni  values  and 
depleted  in  Y  and  Zr. 
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Table  1.  Trace  Element  Ranges  for  Minerals  of  Eclogitic  Xenolith 
from  Udachnaya  Pipe 


GARNETS 

Bimineral  Ky  and  Cs 

Di-f irous 

CLINOPYROXENES 

Bimineral  Ky  and  Cs 

Di-f irous 

RUTILES 

N=10 

N=4 

N=12 

N=ll 

1  N=5 

1  N=13 

N=6 

Ni 

10-130 

2-35 

27-140 

45-470* 

72-450 

84-560 

4-30* 

Cu 

<0.1-2 

0-3 

0.2-3. 3 

0.4-20 

10-15 

1-12 

Ga 

8.6-20 

7-17 

7.5-22 

3.5-25* 

16-35 

10-27 

1-4.3 

Ge 

1.5-6 

3-4.4 

2-6 

Rb 

0-12 

0.3 

0-11 

0.1-1. 3 

0-1.1 

0-1.7 

Sr 

2-20 

1.4-96 

0.6-3. 3 

6-350 

190-470 

100-270 

0.4-3. 8 

Y 

7-44 

2.4-26 

7.5-40 

0.7-5. 5 

0.3-3. 

,5 

0.7-8 

Zr 

2-40 

5.5-65 

7-130 

0.3-65 

13-29 

4-40  223-6480 

Zn 

51-132 

45-120 

29-92 

9-180 

26-100 

22-75 

9-274 

Ba 

0-136 

24-58 

7-42 

30-78 

0-32 

0.2-90 

All 

concentrations  in 

ppm. 

*  x 

anomalous  sample  excluded. 

Clinopyroxene 

Two  populations  of  eclogitic  clinopyroxenes  are  present.  One  from 
bimineral  and  second  from  kyanite  eclogites.  Third  group  combines 
diamondiferous  samples  from  this  two  populations.  The  data  of  their  trace 
elements  concentrations  are  given  in  Table  1.  In  all  groups  of  xenoliths 
clinopyroxenes  show  a  wide  range  in  Ni  (45-560  ppm)  and  poor  correlation  with 
Mg#.  The  minerals  from  xenoliths  with  diamond  range  to  higher  Ni  values 
(Table  1).  This  pyroxenes  are  depleted  in  Zn  (22-75  ppm)  and  Ga  (10-27  ppm) 
and  enriched  in  Zr  (4-40  ppm)  relative  to  the  minerals  from  other  xenoliths. 
Clinopyroxenes  from  kyanite  eclogites  show  a  considerably  larger  range  in  Ga 
(16-35  ppm)  and  Sr  (190-470  ppm)  concentrations  than  in  bimineral ic 
eclogites.  By  comparison  with  clinopyroxenes  from  eclogites  of  South  Africa 
and  those  of  inclusions  in  diamonds  of  eclogitic  paragenesis  from  Monastery 
and  Argyle  (Griffin  et  a’l . ,  1988;  Moore  et  al.,  1989)  they  range  to  higher  Sr 
values  and  are  slightly  depleted  in  Y  and  Zr  concentrations  and  enriched  in 
Ga. 

Sulfide 

There  are  two  groups  of  sulfides,  one  with  <5%  Ni  and  the  other  with  about 
151  Ni.  The  high-Ni  group  corresponds  to  the  "Mg-eclogites” 

They  are  high  in  Mo,  Zn,  Ag,  Ru  and  Pd  compared  to  the  sulfides  of  the 
peridotite  suite.  Pyrrotite  and  pentlandite  are  rather  similar  in  content  of 
most  trace  elements  and  differ  only  by  a  higher  content  of  Zn  in  pentlandite. 
But  d jerf isherites  are  strong  enriched  in  Zn,  As,  Ag,  Pb,  Rb  and  sometimes  in 
Sr,  what  confirmed  their  relation  to  metasomatic  and/or  partial  melting 
processes.  A  high  content  of  Mo  and  sometimes  Se  in  pyrrotites  is  remarkable 
for  most  part  of  sulfides  from  diamondiferous  xenoliths.  In  some  samples 
content  of  Mo  in  pyrrotite  is  more  than  1000 

ppm.  More  likely  that  it  is  a  tendency  not  a  case  because  this  was 
established  for  five  samples  from  eight.  Pb  concentrations  of  sulfides  from 
eclogite  xenoliths  range  up  to  140  ppm  and  usually  are  higher  than  in 
sulfides  extracted  from  diamonds  of  Udachnaya  pipe  where  concentration  of  Pb 
ranges  1-20  ppm  (Rudnick  et  al.,  1993),  excluding  two  samples  from  diamonds 
with  cracks  to  the  surface. 
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Rutile 

Rutiles  have  been  analyzed  in  6  xenoliths  both  bimineralic  and  kyanite 
ecloqites.  The  PMP  analyses  showed  big  difference  in  Fe  values,  three  of  the 
six  rutiles  have  low  Fe  content  less  than  ll.  All  samples  have  very  high  Zr 
(0.12-0.651)  excluding  one  with  content  223  ppm.  Zr/Hf  varies  considerably 
and  usually  is  >  25. 

Conclusions 

(1)  PMP  data  for  rockforming  and  ore  minerals  of  eclogites  suggest  that 
the  most  part  of  xenoliths  from  Udachnaya  kimberlite  pipe,  including 
diamondif erous ,  have  undergone  metasomatic  and/or  partial  melting  processes, 
which  are  define  partly  the  trace  elements  signature  of  this  rock. 

(2)  Djerf isherite  and  some  part  of  other  sulfide  phases  as  well  as  partly 
rutile  in  eclogite  xenoliths  are  related  to  metasomatic  and/or  partial 
melting  processes. 

(3)  Diamondiferous  eclogites  are  similar  by  content  of  trace  elements  in 
garnet,  cl inopyroxene  and  ore  minerals  to  the  other  group  of  mantle  eclogite 
xenoliths  without  diamonds,  excluding  some  differences  in  detail.  This 
feature  suggests  that  the  growth  of  diamonds  possibly  took  place  after  origin 
(crystallization)  of  rockforming  minerals  of  this  rock. 

(4)  Eclogitic  mantle  substance  under  Siberian  platform  have  undergone 
more  stronger  metasomatic  enrichment  by  some  LIL  and  HFSE  than  under  South 
African  or  Australian  cratons  and  is  slightly  depleted  in  some  other  trace 
elements . 
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DIAMONDS  AND  THEIR  SYNGENETIC  MINERAL  INCLUSIONS  FROM  THE  2  GA 
BIRIMIAN  DEPOSITS,  GHANA,  WEST- AFRICA 

Stachel1,  T.,  Harris1,  J.W.,  Cartigny2,  P. 

1 .  Department  of  Geology  &  Applied  Geology,  University  of  Glasgow,  Glasgow  G12  8QQ,  UK 

2.  Laboratoire  de  Geochimie  des  Isotopes  Stables,  Universite  de  Paris  VII,  7525 1  Paris  Cedex  05,  France 

The  Birimian  Supergroup  (about  2  Ga)  of  south-west  Ghana  was  emplaced  within  a  series  of 
volcanic  belts  and  intercalated  basins,  within  which  mostly  fine-grained  sedimentary /volcaniclastic 
rocks  were  deposited  (Leube  et  al.  1990).  Originating  from  the  Birimian  Supergroup  diamonds  are 
recovered  from  alluvial  sources.  We  examined  in  excess  of  10,000  cts  of  diamonds  and  recovered 
over  600  inclusion-bearing  diamonds  in  four  different  size  ranges  between  1  and  4  mm.  Here  we 
present  the  first  detailed  study  of  the  carbon  and  nitrogen  isotopes,  infrared  analyses  and  inclusion 
chemistry  of  these  diamonds. 

Throughout  the  diamond  size  range  under  consideration,  the  syngenetic  inclusion  content  is 
almost  exclusively  peridotitic,  with  only  one  eclogitic  diamond  being  found.  The  inclusions  are 
dominated  by  olivine,  which  is  present  in  about  80%  of  the  diamonds  examined,  followed  by  garnet 
(18%),  orthopyroxene  and  chromite  (both  about  10%),  and  clinopyroxene  (1%).  Olivine-pyrope 
and  olivine-chromite  are  the  most  common  coexisting  mineral  pairs.  In  addition,  there  occur  asso¬ 
ciations  like  olivine-pyrope-cpx  or  olivine-pyrope-chromite,  which  provide  multiple  constrained 
geothermobarometric  data  on  their  growth  environment.  Within  the  peridotitic  paragenesis,  inclu¬ 
sion  chemistry  is  very  harzburgitic  (>90%),  but  there  is  a  minor  lherzolitic  presence. 

Olivine  compositions  range  in  forsterite  content  from  91-94  mol%,  with  a  peak  at  93  mol%. 
This  marks  a  shift  towards  lower  forsterite  contents  compared  with  the  peak  at  94  mol%  (Harris 
1992)  for  harzburgitic  olivines  from  worldwide  sources  (Fig.  1).  Forsterite  contents  below  92  mol% 
were  observed  only  in  the  few  olivines  occurring  together  with  inclusions  which  form  part  of  the 
lherzolitic  paragenesis.  Concentrations  in  minor  and  trace  elements  generally  conform  with  our 
worldwide  database  (MnO  0.04-0.14  wt%,  CaO  <0.02-0.07  wt%)  with  NiO  (0.24-0.47  wt%)  and 
Cr203  (<0.03-0.33  wt%),  however,  reaching  in  part  unusually  high  concentrations. 

Orthopyroxene  from  the  Birimian  diamonds  has  molar  Mg-numbers  between  92.8-94.7,  with 
a  maximum  at  93.5  (Fig. 2).  Similarly  to  the  olivines  this  marks  a  significant  shift  towards  lower  Mg- 
numbers,  compared  with  the  peak  at  95  for  harzburgitic  orthopyroxenes  from  worldwide  sources. 
The  minor  and  trace  element  contents  of  the  orthopyroxenes,  however,  coincide  very  well  with 
worldwide  observations  (A1203  0.44-1.19  wt%,  Cr203  0.03-0.69,  NiO  0.10-0.19  wt%,  CaO  0.13- 
0.66  wt%). 

Chrome  diopside,  plotted  in  terms  of  Ca-Mg-Fet0tai,  falls  within  the  ultramafic  field  defined  by 
Meyer  (1987).  Within  the  trace  elements  K20  (0.05-0.72  wt%)  is  in  part  unusually  high  and  NiO 
(<0.05-0.10  wt%)  also  tends  to  be  generally  high.  On  the  other  hand  Na20  (0.21-0.62  wt%)  and 
particularly  Ti02  (<0.04-0.06  wt%)  are  low  compared  to  other  locations. 

Apa*t  from  the  presence  of  one  single  pyrope-almandine  inclusion,  the  observed  garnet 
compositions  may  be  subdivided  into  subcalic  pyropes  of  the  harzburgitic  paragenesis  (CaO  1 .2-4.6 
wt%,  Cr203  5.6-15.2  wt%)  and  lherzolitic  paragenesis  pyropes,  the  latter,  in  several  cases,  coexisting 
with  cpx-inclusions.  The  lherzolitic  pyropes  are  unusual  in  composition  (Fig. 3)  with  high  Cr203 
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Fi g.  1 :  Forsterite  content  (molar)  in  olivines  from  Fig.  2:  Mg-number  (molar)  for  orthopyroxenes , 
Ghana  and  from  worldwide  sources.  from  Ghana  and  from  worldwide  sources. 


(5.3-14.2  wt%),  CaO  (5. 1-7.7  wt%),  and  FeOtotai  (5. 7-9. 2  wt%)  together  with  a  correspondingly 
low  MgO-content  (16.7-21  8  wt%).  Regarding  their  trace  elements  lherzolitic  and  harzburgitic  pyropes 
correspond  well  with  other  worldwide  occurrences,  with  only  MnO  (Fig. 3)  being  somewhat  high 
(harzburgitic  0.27-0.49,  lherzolitic  0:28-0.57  wt%). 

Picrochromites  (Cr203  61-68  wt%)  differ  from  other  locations  by  having  high  MriO  (0.69- 
1.10  wt%)  and  NiO  (0.09-0. 19  wt%)  and  in  one  case  a  Ti02-content  of  2  wt%.  ZnO  contents  are 
low  and  vary  between  0.04-0.05  wt%,  thus  indicating  rather  high  temperatures  of  formation. 

Preliminary  geothermobarometrlc  data  for  the  peridotitic  inclusion  suite  based  on  gt-opx,  gt- 
ol,  cpx-ol,  and  ol-chr  equilibria  suggest  that  the  diamonds  formed  between  50-65  kbar  and  1050- 
1350 °C 


The  carbon  isotopic  composition  (513C  -6.6  to  -2.6  %o,  n=81)  of  the  inclusion-bearing  Ghanaian 
diamonds  falls  in  the  range  typically  expected  for  peridotitic  samples.  Compared  to  the  carbon 
isotopic  composition  of  worldwide  peridotitic  occurrences  (Fig. 4),  however,  the  diamonds  from 
Ghana  show  a  shift  in  mode  towards  isotopically  heavier  compositions  (from -5.5  towards  about 
-4.0  %o).  This  observation  for  a  predominatly  harzburgitic  assemblage  contrasts  with  the  data  of 
Deines  et  al.  (1984)  for  Finsch  and  Premier  Mines,  which  suggest  that  the  isotopic  heavy  end  of  the 
peridotitic  range  normally  represents  the  lherzolitic  paragenesis. 
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Fig.  3:  Lherzolitic  (open  triangles)  and  harzburgitic  (solid  triangles)  garnet  inclusions  from  Ghana 
compared  with  peridotitic  garnets  from  worldwide  occurrences. 
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Fig. 4:  Carbon  isotopic  composition  (%>  vs. 
PDB)  of  diamond  samples  from  Ghana 
compared  with  peridotitic  diamonds  from 
worldwide  sources. 


Fig. 5:  Carbon  and  nitrogen  (%o  vs.  air)  isotopic 
composition  of  diamond  samples  from  Ghana 
(triangles)  compared  with  the  data-set  of  Boyd 
&  Pillinger  (1994). 


Nitrogen  contents  in  the  Ghanaian  diamonds  are  very  low,  with  the  vast  majority  of  stones 
being  either  Type-II  diamonds  (no  nitrogen)  or  Type-IaA  with  less  than.lOOppm  nitrogen.  However, 
there  exists  a  minor  proportion  of  stones  with  well  defined  A  and  B-centers,  that  may  contain  up  to 
600  ppm  nitrogen.  Nitrogen  characteristics  are  non-specific  to  both  inclusion  chemistry  and  8 de¬ 
values. 

Nitrogen  isotopic  compositions,  at  present  determined  only  for  6  samples  containing  inclusions 
of  the  peridotitic  paragenesis,  fall  into  the  non-paragenetic  "high-513C"  field  (Fig.  5)  charcterized  by 
Boyd  &  Pillinger  (1994). 

The  predominantly  harzburgitic  paragenesis,  the  narrow  carbon  isotopic  signature,  the  generally 
low  nitrogen  contents  with  restricted  nitrogen  aggregation  states,  all  indicate  an  origin  for  these 
Ghanaian  diamonds  from  a  fairly  homogeneous,  isotopically  unmodified  upper  mantle  source. 
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REGIONAL  VARIATIONS  OF  THE  XENOLITH'S  COMPOSITION  AND  THE 
UPPER  MANTLE  STRUCTURE. 

A.  A.  Stepashko 

Institute  of  Tectonics  and  Geophysics,  65,  Kim  Yu  Chen  st.  , 
Khabarovsk,  680063,  Russia 

As  well  known  modern  ideas  about  the  mantle  evolution 
concentrate  petrochemical  investigations  of  the  xenoliths  upon 
MgO, A1203, CaO  abundances.  Our  studies  of  spinel  lherzolites  from 
Far  East  Russia  alkalic  basalts  indicate  that  much  more  important 
information  may  be  contained  in  Si02  and  FeO  variations. 

1.  The  average  compositions  of  petrochemically  homogeneous 
xenolith' s  groups  from  different  localities  are  placed  into 
two  clusters,  divided  by  a  gap  on  the  Fe0-Si02  plot. 

2.  In  some  localities  lherzolites  from  different  homogeneous 
groups  were  recognised  also  among  the  large  sample's  assemblages. 

3.  Further  analysis  shows  that  the  average  compositions  from 
each  cluster  have  clear  negative  trends  between  FeO  and  MgO. 

There  are  no  such  correlations, if  the  xenoliths  from  different 
groups  and  clusters  are  mixed  and  considered  simultaneously. 

4.  If  to  take  the  compositions  belonging  to  the  same  cluster, 
they  shift-  from  locality  t,o  locality  with  a  striking  regularity. 
Though  the  number  of  the  studied  localities  still  scant, this 

is  confirmed  by  spatial  coincidence  of  the  variation  patterns 
for  the  two  clusters  and  their  clear  connection  with  the 
tectonic  framework  of  the  region.  The  variation  center  of 
xenolith' s  compositions  corresponds  to  a  stable  Khanka  block  - 
the  most  ancient  tectonic  unit  of  the  region  and  adjacent  areas. 

The  same  approach  has  been  used  in  order  to  decipher  the 
variation  structures  of  peri  dot  it-e  compos  i  tons  from  three 
other  xenolith's  provinces:  Eastern  China,  Western  USA  and 
Western  Europe.  In  each  case  the  same  petrochemical  pattern  was 
obtained.  The  average  compositions  of  petrochemically 
homogeneous  xenolith' s  groups  from  different  localities  are 
placed  into  two  clusters  on  the  Fe0-Si02  plot.  For.  each  cluster 
in  each  region  there  is  a  clear  negative  trend  between  FeO  and 
MgO.  The  average  compositions  belonging  to  the  same  xenolith's 
cluster  shift  from  locality  to ‘locality  regularly.  And  most 
important  is  that  spatial  patterns  in  all  regions  have 
striking  connections  with  ancient  tectonic  units:  the  China 
platform,  Colorado  plateau,  and  Baltic  shield. 

The  petrochemical  structure  described  cannot  be  interpreted 
in  terms  of  degrees  of  depletion,  but  has  a  very  simple  and  the 
only  one  from  our  point  of  view,  explanation.  The  peridotite 
upper  mantle  is  chemically  layered  and  a  Fe0-Si02  diagram 
displays  its  stratification.  Strict  trends  between  MgO  and  FeO 
contents  for  xenoliths  from  different  localities  show  that  the 
average  composition  of  each  homogeneous  layer  changes  regularly 
in  a  regional  scale  . 

Certainly,  the  striking  link  between  the  mantle  variation 
centers  and  ancient  block's  settings  has  the  most  significance. 
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The  nature  of  this  relationship  has  become  apparent  in  case  of 
the  West  Europe  xenolith's  province.  The  reconstructed  variation 
surface  of  the  main  mantle  layer  has  oval,  elongate  (  NE  ) 
morphology  and  extends  right  up  to  the  northern  boundary  of  the 
Alpine  fold  system.  The  variation  centre  is  located  beneath  the 
Baltic  shield,  FeO  decreases,  and  Si02,Mg0  increase  in  its 
direction.  The  last  principal  feature  important  for  understanding 
is  that  the  European  rift  zone  stretches  along  the  axis  of  the 
discovered  variation  surface.  The  relations  stressed  above 
leave  little  room  for  doubt-  that  petrochemical  patterns 
reflect  the  existence  of  ancient  megadome  in  the  upper  mantle. 


GEOTECTONIC  SETTING  OF  SASKATCHEWAN  KIMBERLITES  (CANADA)  AND 
OTHER  OBSERVATIONS:  WHAT  IS  LEFT  FROM  THE  CLIFFORD'S  RULE? 


Stmad,  J.  G. 


Geoscientist  Consultant,  173  Acadia  Court,  Saskatoon,  Saskatchewan,  Canada,  S7H  4C4 

While  the  core  of  the  Clifford's  rule  retains  its  essence,  structural  definition  of  diamond 
potential,  as  commonly  perceived  from  its  original  version  and  also  as  suggested  by  its  more 
elaborate  derivates,  became  obsolete  in  offering  substantially  incomplete  scrutiny  by:  1  - 
proposing  seemingly  unchallenged  potential  of  entire  "archons"  without  elaborating  on  a 
definition  of  their  possibly  sizable  barren  segments,  and,  on  the  other  hand,  by  2  -  flatly 
negating  the  potential  in  regions  which  are  condemned  by  a  broad  definition  and  simplistic 
perception  of  "protons" 

Two  major  perplexities  of  the  ruler(s)  require  attention:  1  -  In  the  past,  on  -  craton 
marginal  locations  were  proven  productive  regardless  of  their  proximity  to  the  "prohibitive" 
mobile  belts.  Within  such  examples,  the  Guaniamo  kimberlites  and  the  Arkhangelsk  Province 
recently  joined  these  complex  near-to-margin  positions,  while  some  of  the  favored  fully  on  - 
craton  interior  expanses  appear  to  be  yet  elusive  to  eager  prospectors.  2  -  Still  more 
intriguing  are  the  productive  sites  within  the  mobile  belts.  The  Venetia  kimberlites  and  the 
Argyle  lamproites  convincingly  showed  that  highly  diamondiferous  sites  could  be  confined  to 
such  settings.  Productivity  of  the  Venetia  site  may  not  rest  with  the  sole  fact  that  the  hosting 
belt  is  Archean  (and  therefore  being  an  "archon").  Anyway,  the  Limpopo  belt  (and  number  of 
other  of  Archean  age  as  well)  actually  display  distinct  Early  Proterozoic  structural  traits. 
Why,  therefore,  the  Proterozoic  belts  should  be  condemned  as  prohibitive  protons?  The 
Venetia  (Limpopo)  diamonds  could  be  ultimately  related  to  its  minor  and  older  segments 
which  retain  3.4  Ga  signature  within  the  prevailing  and  younger  (2.6  Ga)  late  Archean 
envelope. 

Within  the  larger  regions,  prospective  and  structurally  similar  to  the  older  blocks 
within  a  single  belt  (Limpopo)  are  the  blocks  among  belts.  In  Sakha- Yakutia,  relatively  small 
(Archean?)  blocks  float  within  a  complex  grid  of  Proterozoic  mobile  belts  between  the  Aldan 
and  the  Anabar  shields.  Such  a  buried  basement  collage,  covered  by  a  gigantic  Phanerozoic 
basin,  resembles  general  setting  of  the  Western  Canada  Sedimentary  Basin  (WCSB). 

In  the  central  Saskatchewan  portion  of  the  WCSB  the  possibly  largest  field  of 
diamondiferous  kimberlites  and  most  of  its  approximately  80  targets  have  been  outlined  by 
author  of  this  abstract  in  1988.  The  discovery  of  the  Fort  a  la  Corne  field  (FALC)  has  been 
accomplished  by  a  combination  of  two  leads:  1  -  interpretation  of  specific  magnetic  anomalies 
as  kimberlite  targets  from  the  20-years-old  (!)  government  airborne  magnetics  survey ,  and  2- 
a  deep-crustral  interpretation  of  the  sub-Phanerozoic  basement  host  unit,  the  Glennie  Lake 
Domain  (GLD),  as  a  crucial  deep-seated  "autochtonous"  archean  block  anchored  within  the 
mobile  belt. 

Both  interpretations  were  as  unique  or  rare  as  exceptionally  inexpensive  and 
productive.  In  that  time,  the  old  airborne  survey  was  not  particularly  acceptable  approach 
among  the  diamond-focused  exploration  as  predominantly  applied  in  Canada.  The  GLD  still 
amazingly  retains  its  non  -  Archean  perception  in  most  simpler  presentations.  The  same  set 
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of  perfect  anomalies,  which  for  years  keep  yielding  new  diamondiferous  kimberlites  with 
unusual  easiness,  were  "re-assessed"  (March  1989)  by' reputable  sources  as  "out-off- 
consideration,  non-kimberlitic  and  negative  "just  months  prior  to  their  confirmation  by  drilling. 
In  addition,  in  contrast  to  author's  view,  and  most  characteristically  according  to  adherents  to 
the  Clifford's  rule,  anomalies  were  found  and  feared  as  being  located  within  a  juvenile,  arc- 
related  Reindeer  Zone  of  the  Early  Proterozoic  Trans-Hudson  orogen,  i.e.  apparently  in  the 
prohibitive  proton. 

The  FALC  includes  about  80  kimberlite  sills  resting  within  the  first  hundred  meters  of 
Upper  Cretaceous  shales  and  buried  under  hundred  meters  of  glacial  drift.  This  configuration 
provides  six-times  better  waste/ore  ratio  than  kimberlite  pipes  contemplated  for  mining  in  the 
N.W.T.  Some  low  grade  kimberlites  tend  to  contain  higher  incidence  of  relatively  larger 
diamonds.  The  integral  volume  of  FALC  kimberlites  approximates  800  million  m3  and  might 
contain  at  least  100  million  carats  of  diamonds. 

Given  this  characteristics,  and  following  the  author's  early  suggestion  at  the  St. 
Petersburg's  Conference  in  1990,  and  elsewhere,  the  FALC  is  proposed  as  a  type-region  for 
the  Lower  Proterozoic  diamondiferous  mobile  belts  s.L.  Beyond  this  contribution  , 
Saskatchewan  settings  became  essential  for  some  refining  of  kimberlite  geology  itself.  By 
now,  kimberlite  bodies  suddenly  "allowed"  themselves  to  attain  shapes  earlier  notoriously 
claimed  for  lamproites  only,  and  kimberlites  in  sills  do  not  anymore  yield  to  petrographic- 
textural  meaning  and  rules  established  for  pipes.  Maar  geometries  (ring  ejecta,  steeper 
footwall  boundaries  etc.)  recently  advanced  by  others  for  FALC,  and  other  similar  visions 
(sizable  feeders,  extensive  aprons  etc.)  failed  to  be  drill-proven.  Given  the  regional  nature  of 
earlier  degassing,  the  posterior  low-energy  emplacement  of  sill  sinto  the  sea-bottom 
sediments  precludes  the  presence  of  other  kimberlite  geometries  (of  the  same  age)  than 
those  of  sills.  As  far  as  for  prospection,  none  of  G-10  and  other  indicators  were  used  in  the 
discovery  of  the  FALC  since  their  nearest  presence  at  the  surface  starts  to  appear  500  km  (!) 
down-ice. 

As  far  as  for  Archean  cratons,  for  example  in  Sakha- Yakutia,  the  confinement  of 
producing  fields  was  suggested  to  support  the  Clifford's  rule.  However,  there  is  commonly 
little  explanation  available  for  distinct  behaviour  of  individual  cratonic  blocks.  From  a  number 
of  these,  only  two  produce  diamondiferous  kimberlites  and  the  large  one  carries  five  fields  of 
barren  kimberlites  only.  In  addition,  two  outcropping  shields  are  essentially  barren  as  well. 

Obviously,  there  is  a  severe  restriction  in  productivity  of  Archean  cratons  and,  on  the 
other  hand,  there  is  also  an  extension  of  potential  into  the  mobile  belts.  Instead  of  two  major 
units  outlined  by  Clifford's  rule  and  its  derivates,  we  have  actually  more  categories  to 
contemplate.  Cratons,  though  undoubtedly  with  the  best  economic  record,  in  geological 
principle,  share  with  mobile  belts  the  same  major  obstacle,  an  ordinary  and  therefore 
insufficient  lithospheric  thickness  in  major  part  of  their  extensions.  Potential  enhances  with 
its  thicker  development  and  the  productivity  likely  with  the  thickest  portion  of  the  lithosphere. 
The  latter  condition  could  be  achieved  in  both,  the  ancient  cratonic  domains  (ACD)  and  newly 
cratonized  domains,  mobile  belts.  Allochtonous  mobile  belts  may  conceal  three  ACD  sub- 
types:  1  -  buried  lateral  extensions  of  cratons  (EC)  functioning  as  a  prevailing  autochtone,  2  - 
buried  cratons  (BC),  squeezed  between  higher-positioned,  cratons  shields,  and  3  -  fragments 
of  cratonic  provenance  (FC),  fully  separated  from  cratons  (shields)  and  now  in  a  role  of  a 
local  autochtone.  Within-the-belt  all  cratonic  subtypes  might  be  largely  hidden  beneath  a 
veneer  of  allochtonous  Proterozoic  where  a  3-D  deep-crustal  interpretation  would  indicate 
proper  gravimetric,  magnetic  and  decollement  tectonic  pattern. 
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Ultimately,  the  final  productivity  within  the  overriding  plate,  and  in  addition  to  its 
lithospheric  thickness  (LT)  of  a  particular  cratonic  block,  could  be  dictated  by  a  triggering 
mechanism  confined  to  the  presence  and  geometry  of  localized  structure,  transform  fault 
( TF ),  within  the  sub-lithospheric  domain  (subducting  plate).  For  example,  the  Tiung  cratonic 
block  (Sakha- Yakutia)  apparently  did  travel  above  the  sub-lithospheric  triggering  system  and 
therefore  it  produced  kimberlites,  however  most  of  its  area  grossly  occupied  by  kimberlites 
was  bottomed  by  a  shallower  LT  incapable  to  intersect  diamond  stability  region  and  therefore 
kimberlites  remained  primarily  barren. 

Other  combinations  of  the  interaction  between  the  upper  and  the  lower  plates  (LT  and 
TF  respectively)  are  possible  and  these  generate  a  larger  (though  a  definite)  variety  of 
diamond  potential  or  restrictions  than  those  suggested  by  overly  simplistic  rules. 
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POSTCOLLISION  LAMPROI.TOIDES  OF  EAST-MAGNITOGORSK 
PALEOVOLCANIC  BELT  (THE  SOUTHERN  URALS). 

Surin,T.N. 

Geology  Faculty  of  Sankt-Petersbourg  State  University,  7/9, 
Universitetska ja  nab.,  St . Petersbourg ,  199034,  Russia 

The  East-Magnitogorsk  paleovolcanic  belt  is  one  of  the 
largest  submeridional  belts  of  Southern  Urals.  It's  an  eastern 
branch  of  the  Magnitogorsk-Mugo jar  ancient  Island  Arc  system 
and  is  identified  with  East-Magnitogorsk  Island  Arc.  This 
arc  got  through  a  long  complicated  history  of  development. 

Three  distinctly  expressed  stages  of  its  evolution  may  be 
described.  The  first  stage  is  suboceanic  (margin  sea),  it  was 
displayed  in  Ordovician-Silurian .  The  second  is  the  island  arc 
stage,  it  took  place  in  the  mid  Devonian  and  early 
Carboniferous.  The  third  stage  (collision  and  accretion) 
finishes  the  tectonic  development  of  its  region  in  the  mid 
Carboniferous  -  Permian.  The  stabilization  in  subplatforms 
regime  has  taken  place  later  on. 

Lamproitoides  were  not  known  in  the  Urals  until  recently. 
For  the  first  time  they  were  found  out  in  1990  in  the  career  of 
the  Maleye  Kuibas  iron  ore  deposit  during  detailed  geological 
maping  of  the  Magnitogorsk  ore  area  and  later  was  defined  as 
lamproites  (Lukianova  et  al.,1992).  At  present  inside  the 
limits  of  the  East-Magnitogorsk  paleovolcanic  belt  about  three 
tens  of  manifestations  of  lamproitoidic  magmatism  has  already 
been  revealed.  They  are  introduced  exclusively  by  subvertical 
dykes  with  visible  thickness  varying  from  1  to  10  meters. 
According  to  the  geochronologic  data  (K-Ar  and  Rb-Sr)  its  age 
is  determined  as  mid  Triassic  -  early  Jurassic  (197-240 
millions  years ) .  Up  to  now  the  manifestations  of  Mezozoic 
magmatism  in  this  section  of  the  Urals  were  not  known. 

These  rocks  form  the  unified  petrogenetic  series,  uniting 
the  formations  from  an  ultrabasic  to  a  mediosilicic 
composition.  Tthe  dark-grey-brown-green  colour,  massive 
structure,  the  porphyritic  texture  and  the  microlites  or  glassy 
matrix  are  typical  for  them.  The  phenocrysts  summary  volume 
does  not  exceed  20  %,  the  size  -  from  0,3  to  2,5  mm.  The 
phenocrysts  are  submitted  olivine  (1-10%),  phlogopite 
(5-15%),  clynopyroxene  (1-10  %),  less  often  leucite  (to  5%).  In 
the  matrix  the  small-sized  allocation  phlogopite,  diopside, 
enstatite,  apatite,  sanidine,  richterite  are  defined.  Olivine 
forms  oval  or  wrong  form  of  grains.  The  large  phenocrysts 
contain  the  heaviest  guantity  MgO  (Fo  95),  in  the 
small-sized  crystalls  MgO  is  less  (Fo  88-89).  Olivines  do  not 
contain  CaO.  Almost  always  olivine  is  superseded  by  serpentine 
and  calspar.  Phlogopite  forms  the  plate-phenocrysts  and 
small-sized  scale  and  needle  allocation  in  the  matrix, .making 
from  5  to  40  %  the  rocks  volume.  It  is  Ti-contains  version 
(20-25%  MgO,  0, .7-4,0%  TiO  ,  12-14,2%' A10  ,  6,6-10,5%  K20).  The 
Ratio  of  aluminium  and  iron  of  the  phlogopites  is  close  to 
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micas  from  lamproites  of  other  regions.  The  tendency  of 
reduction  of  Al2C>3  content  with  growth  of  FeO,  that  is  on  the 
whole  typically  ror  lamproites,  is  observed.  In  phlogopite  A12C>3 
and  TiO  are  connected  by  distinct  negative  dependence,  that  is 
more  characteristic  for  rich-istonite  phlogopites  from 
kimberlites  (Mitchell,  1985).  With  increase  of  Ti02  in  micas 
MgO  is  lowered  sharply,  thus  from  internal  to  external  zones  of 
phenocrystalls  the  MgO  content  decreases  and  Ti02  increases 
that  is  typically  for  lamproites  (Mitchell,  1985  and 
Jaques  et  al.,  1986).  Phlogopite  is  frequently  replaced  by 
chlorite.  Clynopyroxene  forms  the  prismatic  microphenocrysts  of 
the  size  to  0,5  mm  and  the  microlites  in  the  matrix.  It  is  poor 
aluminium  diopside  (TiO  0,25-0,49%,  Al  O  0,45-1,20%,  FeOsum 
3,20-4,20%,  Na  O  (0,36-1,25%)  and  considerably  less  often 
Ti-augite  (TiO^J  1,02-1,90%).  In  the  endocontact  zones  of  dykes 
the  leucites  pnenocrysts  (size  to  0,5  mm)  possessing 
characteristic  eight-coal  cuts,  are  revealed.  Leucite  is 
usually  replaced  by  sanidine,  which  contains  the  increased 
quantity  Fe  O^  (0,4-2, 5%),  that  is  typically  just  for 
lamproites  (Mitchell,  1985).  Enstatite  is  rare,  it  is 
comparable  with  olivine  (MgO  36,91%,  FeOsum  3,79%)  on  the 
contents  of  iron.  Amphibole  is  colourless  Ti-richterite  (TiO 
2,60-5,30%,  MgO  2,92-6,00%,  CaO  2,62-15,01%,  FeOsum 
19,29-25,25%,  Na^  4,44-12,41%,  E^O  0-0,15%). 

According  to  mineralogical  analysises  the  following 
accessory  minerals  were  found:  Cr-dyopside  (0,9-1,56%  Cr  O  )  , 
Cr-spinel  (81-92  Cr/Cr+Al,  0, 3-0,9%  TiO  ,  0,1-0, 6%  MnO),  J 
garnets  of  pyrope-almandite-spessartite  series ,  including  very 
rare  high-Cr  pyrope  (2,62-5,13%  Cr  0  ,  4,82-6,10%  CaO), 
Ti-magnetite  (5, 6-6, 6%  TiO  )  and  Cr-magnetite  (to  0,5%  Cr  O  ) , 
rutile  ( 0 , 4-0  >  6%  FeO,  0,4-0, 6%  MgO),  ilmenite  (0, 5-1,1%  MnO), 
free  Pb,  Fe,  Au,  natural  alloys  Fe  and  Te,  Mo  and  Pb,  Au  and 
Ag,  Au  and  Cu,  as  well  as  sulfides:  pyrite,  chalcopyrite  and 
sphalerite.  Besides,  according  to  the  termochemical  analyses, 
the  presence  in  them  of  garnets  (including  pyrope),  zircon, 
graphite  were  found. 

Thus,  according  to  the  mineralogical  criteria  (Mitchell, 
1985)  the  investigated  rocks  may  be  corresponded  to  lamproites. 
The  minerals,  typical  for  the  formations  of  other  types  of 
alcaline-ultrabasic  magmatism:  plagioclase,  nephelite, 
melilite,  monticellite  etc.  are  absent  in  them. 

The  petrochemical  peculirities  of  the  rocks  are  typical 
for  the  lamproitic  series.  Their  characteristic  are:  high 
summary  alcaline  at  obvious  prevalence  K  over  Na  ( K  O/Na  O 
4-12),  high  MgO  (10-20  %  )  and  P  Or  (0, 8-2,0%)  and  low  -  Al^ 
(7-11%).  On  the  distribution  of  the  series  of  microelements 
they  are  close  to  lamproites  of  other  regions.  The  high 
contents  Li  (35-56),  Ba  (800-1500),  Rb  (90-180),  Sr  (570-1600), 
Cr  (300-1000),  V  (110-170),  Ni  (200-900),  Sc  (10-30),  Th 
(10-23),  U  (2-9)  (ppm),  indicate  it.  However,  low  contens  of 
Ti02  (0,9-1, 4%),  Zr  (150-350  ppm)  and  Nb  (10-21  ppm)  permit  to 
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speak  about  essential  differences  between  them  and  "platforms" 
lamproites  of  Australia,  Southern  Africa,  the  USA,  Greenland, 
Antarctic  Continent,  Northern  Karelija.  The  REE  distribution 
(La  49-61  ppm,  Ce  101-117  ppm  at  ( La/Yb ) N  =  21,6-25,4) 
testifies  to  the  benefit  of  it.  The  existence  of  small 
Eu-anomalies ,  probably,  indicates  to  fractional 
differentiation  processes.  The  adduced  quantities  are 
essentially  below  for  the  mentioned  lamproitic  provinces.  Some 
mineralogical  features  of  the  rocks  ( low-Ti  phlogopite,  low-K 
richterite,  absence  of  diamonds  etc.)  also  are  confirmed  by 
these  distinctions.  The  most  close  analogues  of  the 
East-Magnitogorsk  belts  rocks  on  the  mineralogical  and 
geochemical  features  are  lamproitoides  of  Alger,  Yugoslavia, 
Indonesia,  Spain,  Aldan,  Kamchatka,  regarded  to  "collision" 
type  (Lamproites,  1991,  Seliviorstov  et  al.,  1994).  The  term 
"lamproitoides"  was  offerred  for  the  similar  rocks  of 
Kamchatka,  (Seliviorstov  et  al.,  1994).  It  is  interesting,  that 
the  increased  contents  of  chalcophile  elements  are  marked  in 
Southern  Urals  lamproitoides:  Cu  90-150,  Zn  180-300,  Co 
34-42,  Pb  -  to  66  (ppm),  that,  evidently,  is  a  provincial 
feature  of  the  Urals  rocks.  Possibly,  it  is  explained  by  crusts 
contamination  of  the  mantle  magmas.  The  finds  of 
garnets-pyralspites ,  typical  for  the  formation  of  the 
"g^anujjlte-basite  layer"  earth  crust  and  increased  significance 
(  7Sr/  bSr)  =  0,70524-0,70593.  also  indicate  to  the  certain 
role  of  contamination.  PT-parameters  evolution  of  initial  melts 
(calculated  by  Simakov , S . G . :  P=30-15  kbars,  T=1416-1445°C )  were 
defined  according  to  many  known  geotermometers  and 
geobarometers  of  investigated  mineral  paragenesises .  Certainly, 
this  pressure  is  far  below  than  diamond  subfacies  of  depth. 

In  view  of  geological  conditions  of  lamproitoides' 
manifestations  (the  Mezozoic  activization  of  the  Paleozoic  fold 
belt  with  total  cycle  of  development)  is  offerred  to 
allocate  the  rocks  in  the  "postcollision"  subtype.  The 
conducted  researches  do  not  permit  to  consider  these  rocks  as 
the  primary  source  of  the  Urals'  diamonds.  The  mentioned 
problem  waits  for  the  decision  up  to  now. 
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Experimental  investigation  of  phases  equilibriums  in  system 
Ca0-Mg0-Al203-Si02  as  a  model  some  upper  mantle  paragenesis. 

Surkov  Nikita  Viktorovich 

Unated  institute  of  geology,  geohpysics  and  mineralogy  of  the  Sibirian  Division  of  the  RAS, 
Novosibirsk 

The  researchs  of  the  processes  of  the  genesis  of  magmas  and  origing  of  deep-seated 
rocks  are  actual  problem  of  geological  scienses.  The  most  the  productive  method  which 
provide  the  answers  to  there  questions  is  the  experimental  investigation  the  processes  in  deeps 
of  the  Earth.  The  direct  experiments  with  samples  of  the  rocks  and  minerals  are  uneffective 
sinse  there  are  very  complexity  to  be  controled  the  phisico-chemical  conditions  in 
experiments.  Therefore,  main  method  of  experimental  researchs  are  the  investigation  by  the 
synthetic  model  systems,  wrhich  are  consisted  from  main  of  components  deep-seated  rocks.  As 
far  as,  the  oxides  Si,  Mg,  A1  and  Ca  make  up  80-90  weights  %  of  the  contents  in  such  rocks 
as  lherzolites,  dunites,  garnet  lherzolites,  eclogites,  garzburgites  and  etc.,  the  system  CaO- 
Mg0-Al203-SiC>2  has  become  main  object  for  such  experimental  investigations. 

For  the  phase  diagram  of  this  system  Ca0-Mg0-Al203-Si02  the  main  interest  are 
represented  the  experimental  researchs  monovariant  reactions  in  internal  volume  of 
compositions  of  this  system.  For  this  purpers,  the  beams  of  the  following  monovariant 
reactions  are  investigated  at  the  interval  of  the  pressure  up  12  to  30  x6ap: 
Fo+L=Cpx+Opx+Sp,  L=Cpx+Opx+An+Sp,  L+Opx+Sp=Cpx+Gr,  Fo+Opx+L=Cpx+Gr, 
Opx+L=Cpx+Gr,  L=Fo+Cpx+Opx+Gr,  L=Cpx+Gr+An+Sp,  Cpx+Cor=An+Sp, 
L=Cpx+Gr+An+Cor,  Gr+An+Q=±Cpx+An  and  the  compositions  of  the  coexisting  phases  on 
the  liquidus  and  solidus  are  established. 

At  high  pressure  the  internal  volume  of  the  compositions  in  the  system  CaO-MgO- 
Al2C>3-Si02  is  possible  to  be  separated  on  three  enough  independent  volumes.  There  are 
forsteritenormative  quarznormative  and  corundnormative  volumes  of  the  compositions.  In 
solidus  of  the  forsteritenormative  part  of  the  system  is  placed  the  nonvariant  point 
(Fo;Opx;Cpx;An;Sp;Gr)  (Kushiro,  Yoder,  1966;  MacGregor,  1965;  Tompson,  1979;  Surkov, 
1986).  In  liquidus  are  recognized  two  series  monovariant  eutectic  reactions.  The  first  series  is 
submitted  by  reactions:  L=Fo+Opx+Cpx+An,  L=Cpx+Opx+An+Sp  and  L=Cpx+Gr+An+Sp, 
the  liquid  of  there  has  considerably  silica  and  alumina  composition.  Second  series  is 
submitted  by  one  reaction:  L=Fo+Opx+Cpx+Gr.  The  beam  of  this  reaction  is  directed  from 
singularity  point  (L,Fo,Opx,Cpx,Gr)  at  high  pressure.  The  occurrence  eutectic  with  normative 
forsterite  prevents  differertiations  of  the  liquid  hrough  plane  Mg2Si206-Ca2Si206-Al203.  This 
eutectic  should  have  the  fundamental  nature,  and  it  preserve  this  character  when  the  additional 
components,  such  as  FeO,  Na20  and  et.el.  are  added. 

In  volume  of  the  composition  containing  more  silica  is  stabilised  the  association 
An+Cpx+Opx+Sp,  which  passes  in  series  granetbearing  associations  at  pressure  higher  from 
beam  of  the  reaction  Opx+An+Sp=Cpx+Gr.  The  existence  of  reaction  Opx+An+Sp=Cpx+Gr 
has  the  fundamental  significance  as  border  of  the  high-deep  pyrope-garnets  facies  from  facies 
of  low  pressure. 
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In  silica  volume  of  the  compositions  is  known  the  nonovariant  point 
(Ky,Cpx,Gr,An,Q,Opx)  (Hensen,  1976;  Perkins,  1983),  which  are  defined  the  phase  relations 
in  solidus  in  this  volume  of  the  compositions. 

The  central  nonovariant  point  of  the  liqudus  part  of  system  CaO-MgO-AhOs-SiCb  is 
the  point  (L;Cpx;Gr;An;Sp;Cor).  From  this  point  are  directed  from  the  beams  of  the 
monovariant  reactions:  L=Cpx+Gr+An+Sp,  L=Cpx+Gr+An+Cor,  L+Sp=Cpx+Gr+Cor, 
L+Gr=Opx+An+Sp.  As  a  result,  through  of  this  nonovariant  point  the  beams  of  the 
monovariant  reactions  in  forsterite-  and  to  quartsnormative  voluems  of  the  compositions  form 
the  uniform  topological  grid,  which  permits  to  describe  the  phase  diagram  of  system  CaO- 
MgO-Al203-Si(>2  as  uniform  whole  one. 
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Fig  1.  The  main  monovariant  reactions  in  the  phase  diagram  of  system  Ca0-Mg0-Al203-SiC>2. 


STRUCTURE  AND  EVOLUTION  OF  THE  CRUST  AND  UPPERMOST  MANTLE 
BENEATH  YAKUTIAN  KIMBERLITE  PROVINCE  FROM  SEISMIC  DATA 

V.D. Suvorov*,  K.V.Timirshin  1,  Yu.A.Yurin  1,  S.V.Krylov^,  B.S.Parasotka  3,  S.D. Cherny  3, 
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5.  Regional  State  Enterprise  "Yakutskgeofizika",  Yakutsk,  67700,  Russia 

Detailed  studies  of  the  crust  and  uppermost  mantle  in  the  province  started  in  1980.  At  that  time,  a 
profile  across  the  Mirnyi  kimberlite  field  revealed  an  anomalously  high  boundary  velocity  at  the 
Moho  (Uarov,  1981;  Suvorov  et  ah,  1983).  Field  studies  were  financed  by  the  Yakutskgeologiya 
production-geological  association  and  carried  out  jointly  with  the  Siberian  Branch  of  the  Academy. 
The  purpose  was  to  map  velocities  at  the  Moho  and  the  crystalline  basement  and  study  the 
topography  of  marker  boundaries  in  the  crust  in  order  to  identify  seismic  anomalies  typical  of  the 
kimberlite  fields.  The  work  was  perfor/ned  on  three  profiles  (across  two  kimberlite  fields)  totalling 
1100  km  in  length  using  reversed  seismic  refraction  data.  In  addition,  a  technique  of  special  areal 
deep  seismic  observations  was  used  (Krylov  et  ah,  1983;  Suvorov  et.  ah,  1985;  Suvorov  et  ah, 

1989).  Seismic  data  were  obtained  on  a  400  km  by  1000  km  area  that  covers  four  Middle  Paleozoic 
diamondi  kimberlite  fields.  Also  used  in  these  studies  were  the  Taiga-2  seismic  refraction  recording 
stations  (mainly  of  one-component  type)  with  analogue  tape  recorder. 

For  Western  Yakutia,  the  principal  waves  are  basement-refracted  Pg  (traceable  interval  15-150 
km  from  the  source),  Moho-refracted  Pn  (traceable  for  200-400  km)  and  Moho-reflected  PmP 
(traceable  for  100-180  km).  There  is  also  a  very  strong  wave  (PcP)  at  a  distance  of  180-370  km  in 
secondary  arrivals,  quite  similar  to  wave  reflection  from  the  top  of  the  lower  crust.  Shear  waves  from 
the  same  boundaries  permit  one  to  derive  Vp/Vs  ratios  for  the  crust.  The  weak  Sn-wave  could  not  be 
reliably  defined  and  digital  data  processing  is  required. 

Topographic  maps  of  the  Moho,  basement  and  inner  crustal  boundary  of  the  study  area  have  been 
constructed,  as  well  as  maps  of  velocity  variations  at  the  Moho  and  the  basement. 

The  strongest  anomaly  are  abrupt  Moho  velocity  fluctuations  (from  8  to  9  km/s)  within  a  220  km 
wide  corridor  extending  for  at  least  1000  km  in  a  SNP  direction.  It  bifurcates  into  two  branches  at 
the  north,  one  in  NW  direction  and  the  other  in  NE.  Within  the  corridor,  local  high-velocity  (8.6-9 
km/s)  anomalies  can  be  traced  as  40-60  km  wide,  elongated  strips  separated  by  similar  strips  of 
normal  velocities  (8-8.2  km/s).  The  strike  of  the  high-velocity  strips  differs  from  that  of  the  regional 
corridor,  being  submeridional  in  its  southern  part,  north-western  in  its  central  part  and  north-eastern 
in  its  northern  part.  There  is  no  clear  azimuthal  dependence  of  the  Pn  velocities.  Therefore,  the 
observed  velocity  anomalies  are  interpreted  as  upper  mantle  inhomogeneities,  although  no  rock 
readily  offers  itself  as  having  such  a  high  velocity  (Christensen,  1994;  Sobolev,  et  al.,1994)  All  six 
kimberlite  fields  known  in  this  region  are  located  within  the  corridor  above  the  edges  of  local  high 
velocity  anomalies.  This  suggests  that  the  corridor  of  the  highly  heterogeneous  Moho  velocities 
controls  the  regional  localisation  of  the  kimberlite  fields.  The  Moho  depth  increases  northwards  from 
39-42  km  to  55-60  km.  The  Moho  trough  with  about  100  km  width  and  12-20  km  amplitude  is 
located  in  the  north-eastern  part  of  the  area.  The  orientation  of  the  trough  changes  significantly  and 
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it  can  be  traced  in  a  southerly  direction  with  amplitude  decreasing  to  2-4  km.  The  trough  correlates 
well  with  the  corridor  of  velocity  inhomogeneities  and  bounds  it  from  the  east. 

The  topography  of  the  inner  crustal  boundary  shows  a  well-defined  submeridional  linearity.  The 
depth  of  the  boundary  changes  from  18-22  km  to  34-38  km  to  form  narrow  (50-70  km  wide) 
synclines  and  anticlines  with  up  to  4-6  km  amplitude  in  the  most  raised  central  part. 

The  basement  depth  changes  from  1-1.5  km  to  5-6  km.  Basement  uplifts  occur  in  the  central  part 
where  kimberlite  fields  are  located.  The  depth  increases  significantly  in  the  Vilyui  (Middle  Paleozoic) 
and  Tunguska  (Lower  Paleozoic)  basins  and  the  Patoma  foredeep  (Middle  Paleozoic  and  possibly, 
younger).  There  are  two  30-40  km  wide  local  grabens,  possibly  of  Precambrian  age:  one  near  the 
Daldyn-Alakit  kimberlite  field  and  the  other  in  the  south-western  part  of  the  study  area. 

Example  of  the  relationship  between  the  structure  of  the  crust  and  sedimentary  cover  is  shown  in 
a  cross-section  intersecting  the  area  from  the  north-west  to  the  south-east  (Figure).  Local  troughs  of 
the  Moho  correlate  with  the  raised  parts  of  the  inner  crustal  boundary.  The  latter,  in  turn,  correlate 
well  with  the  basement  topography  derived  from  drilling  and  seismic  data.  Paleostructure  cross- 
sections  of  the  sedimentary  cover  indicate  that  basement  uplifting  commenced  in  the  Middle 
Paleozoic  and  continued  at  least  till  the  Mesozoic  (central  part  of  the  structure  is  missing  rocks  from 
the  Silurian  up  to  Pz3-Mz).  The  basement  topography  and  cover  structures  (from  CDP  data)  form  a 
regional  uplift  of  submeridional  strike,  coincident  with  the  strike  of  the  raised  parts  of  the  inner 
crustal  boundary.  The  Moho  topography  anomalies  show  a  very  weakly  defined  submeridional  strike. 
From  this  there  is  ground  to  suggest  that  uplifting  of  the  basement  and  the  sedimentary  cover  was 
due  to  processes  responsible  for  the  formation  of  the  lower  crustal  structures.  This  could  caused  by 
east- west  lithospheric  compression  (Mezhvilk,  1977)  leading  to  tectonic  flow  and  linear  folds  in  the 
lower  crust.  This  process  could  also  cause  displacements  along  maximum  tangential  stresses  in  more 
rigid  upper  mantle  and  basement  rocks,  reflected  in  alternation  of  normal  and  abnormal  velocity 
zones  at  the  Moho.  Such  zones  may  correspond  to  trap  dikes  in  the  sedimentary  cover. 
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Figure.  Structure  of  the  sedimentary  cover  (A)  and  crust  (B)  in  the  south-western  part  of  the 
province.  Shown  in  the  cover  are  major  rock  complexes  by  age.  Shown  in  the  crust  are  surfaces  of 
the  basement,  mantle,  inner  crustal  reflecting  boundary  ,as  well  as  velocities  in  km/s. 
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PERSPECTIVES  OP  KIMBERLITE  MAGMATISM  DURING  PERMIAN- TRIASS IC 
AGE  OP  PERM  PRE-URALS. 

Sychkin,  G.N. 

PSGGE  "Geokarta",  Geologov  St. ,29,  Perm,  614065,  Russia 

Diamond  placer  deposits  are  known  in  Urals  from  1829.  Their 
industrial  exploitation  have  been  started  in  1941  ( 16  years  ear¬ 
lier  than  in  Sakha-Yakutia) . 

Kimberlite  Formation  is  known  to  be  associated  with  paleoplat- 
forms.  Diamond  placers  were  revealed  in  folding  areas  (Appalach¬ 
ian,  East-Australian  and  Uralian)  the  geological  conditions  of 
which  are  considered  to  be  unfavourable  for  Kimberlite  Formati¬ 
on  development.  Supposition  about  possible  connection  of  diamond* 
placers  with  basanite  and  ultrabasic  (nonkimberlite)  rocks  has 
not  been  confirmed  by  longterm  prospecting  survey  works.  Diamond 
placers  which  lost  connection  with  source  areas  have  been  studi¬ 
ed  in  the  Urals  where  placers  are  associated  with  the  river  val¬ 
leys  of  karst  areas  or  located  directly  lower  of  the  above-men¬ 
tioned  areas- and  are  formed  by  washing  out  of  karst  deposits 
from  interfluve  cavities  in  which  side  by  side  with  diamonds  ra¬ 
re  redeposited  well-rounoled  pebbles  of  stable  rocks  of  near¬ 
shore  genesis,  paleogene  sea  fauna  and  alien  to  modern  geologi¬ 
cal  environment  minerals  staurolite  and  kyanite  are  encounted. 

Due  to  high  migration  ability  diamond  formed  vast  near-shore  tra¬ 
ins  of  the  Upper  Cretaceous  and  Paleogene  Age.  When  in  Neogene 
Times  the  uplift  of  the  Urals  took  place  these  trains  were  wash¬ 
ed  out.  In  karst  areas  stable  minerals  were  subjected  to  verti¬ 
cal  migration  and  formed  karst  collectors  feeding  diamond  plac¬ 
ers  of  modern  drainage  system.  Peculiarities  of  karst  process 
development  in  folding  areas  create  favourable  conditions  for 
continuity  of  the  epoches  of  karstification  and  contribute  to 
good  preservation  of  stable  minerals  brought  about  during  the 
previous  geological  time,  in  spite  of  intensive  denudation  which 
is  in  practically  unlimited  progress. 

The  analysis  of  the  world  basis  diamond  deposits  locations,  ge¬ 
ological-structural  position  of  Urals  diamond  carrier  province, 
paleogeographical  conditions  of  the  formation  of  plant  placers 
of  alluvial  genesis  and  karst  spacing  collectors  of  diamonds 
(Stepanov, 1985)  allowed  us  to  substantiate  the  perspectives  of 
basic  diamond  carrier  of  the  eastern  platformian  part  of  Perm 
and  Komi -Permian  national  regions,  which  are  the  part  of  the  so- 
called  Sarmat  (Upper  Volga)  nuclear  (Stepanov,  Sychkin,  1992). 

Besides  the  promote  geological-structural  conditions  (optimal 
depta  of  deposit  occurence  of  arheic-lower  proterozoic  crystalli¬ 
ne  fundamental  formations  of  2. 0-4.0  km,  the  presence  of  zones 
of  depth  breaks, - local  geophysical  anomalies, etc. )  some  direct 
mineralogical  research  cryteria  of  kimberlite  diamond  deposits 
were  also  found  out.  In  alluvium  of  Kama  river *s  upper  part  (Ga- 
ini-village  region)  and  some  of  its  branches  (Kosa,  Lologa,  Obva) 
the  minarals- sputniks  of  the  diamonds  in  kimberlites-piropes, 
chromespinlides  zyrkones  with  tipomorphic  indications  of  the  mi¬ 
nerals  from  kimberlites  were  revealed  (according  to  the  conclu¬ 
sion  of  mineralogical  laboratiry  of  Central  Geological  Survey  In¬ 
stitute,  Kharkiv  A.D. ). 

The  study  of  garnets  chemical  structure  permits  us  to  set  up 
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its  mother-sources  such  as  kimberlites,  eclogites  from  kimberli¬ 
tes  and  metamorphic  rocks  of  platform  fundamental  formation. 
There  is  observed  nearly  the  same  Election  of  various  garnets 
as  in  kimberlite  system  of  Yakhutia  province  (Kharkiv  A. D, 1989). 

Thus  there  are  real  assumptions  of  founding  out  kimberlites 
of  late  Permian  and  Triassic  Age  in  the  east  of  West  Europian 
platform  (Perm  Pre-Urals),  its  exhibition  may  be  connected  with 
tectono-magmatic  activization. 

Last  time  nearly  all  the  regions  of  Europian  Russia  have  de¬ 
clared  about  diamond  perspectiveness  of  their  territiries.  Re¬ 
ports  from  Vologodsky  region,  which  is  situated  300  km  to  the 
west  from  Perm  region,  in  the  similar  geological-structural  con¬ 
ditions,  are  of  great  interest.  In  the  north-eastern  part  of  Vo¬ 
logodsky  region,  on  the  square  of  10  000  km^there  were  discove¬ 
red  several  parts,  perspective,  according  to  geological-geophi- 
sical  data,  which  can  be  of  only  post-Permian  (mesozoic-kainozo- 
ic  age).  This  is  one  more,  additional  argument  in  favour  of  ba¬ 
sis  diamond  deposits  discovery  in  thewestern,  platformian  part 
of  Perm  and  Komi-Permian  regions,  in  particular,  on  the  territo¬ 
ry  of  the  so-called  Sokolovsky  jut  of  crystalline  foundation. 
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The  Petrogenesis  of  Group-2  Kimberlite  and  Lamproite  Magmas. 


Kenneth  M.  Tainton 

Anglo  American  Research  Laboratories  (Pty)  Ltd.,  P.O.  Box  106,  Crown  Mines,  2025,  South  Africa 

The  Barkly  West  intrusive  province  consists  of  a  suite  of  dykes  and  blows  of  Cretaceous  age, 
described  variously  as  micaceous  kimberlites  (Wagner,  1914),  Group-2  kimberlites  (Smith, 
1983)  and,  more  recently,  orangeites  (Mitchell,  1991).  Included  in  this  province  are  the 
S over-North  and  PK36  intrusions  which  have  been  classified  petrographically  as  olivine 
lamproites  (Tainton  and  Browning,  1991). 


The  Group-2  kimberlites  and  lamproites  are  characterised  by  extreme  enrichment  in  the 
highly  incompatible  trace-elements.  Petrographic  studies  show  that  entrainment  of  a  large 
volume  of  lithospheric  peridotite  in  the  kimberlite  or  lamproite  magma  occurred  en  route  to 
surface,  as  reflected  by  the  abundance  of  macrocrystic  olivine.  The  absolute  abundances  of 
the  incompatible-elements  will  be  modified  by  such  mixing  with  depleted  peridotite, 
resulting  in  significant  compositional  variability  within  single  intrusions.  However,  mass- 
balance  considerations  indicate  that  the  inter-element  ratios  of  the  strongly  incompatible- 
elements  will  be  insensitive  to  such  mixing  processes  (Figure  2).  Incompatible-element 
geochemistry  may  therefore  be  used  to  constrain  the  processes  by  which  these  extreme 
magma  compositions  were  generated.  Data  from  selected  Group-2  kimberlite  and  related 
lamproite  intrusions  from  the  Barkly-West  district,  South  Africa,  are  used  to  draw 
conclusions  regarding  the  petrogenesis  of  these  magmas. 

Systematic  geochemical  differences  are  observed  between  sample  suites  from  different 
kimberlite  and  lamproite  intrusions  (Figure  3).  These  differences,  which  are  most 
pronounced  in  terms  of  incompatible-trace-element  geochemistry,  are  not  attributable  to 
peridotite  entrainment,  crustal  contamination  or  fractional  crystallisation  processes.  Rather, 
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Sm/Nd 


Figure  2:  Covariation  of  Ni  with  Sm/Nd  for  theBellsbank  and  Newlands  kimberlites,  demonstrating 
the  insensitivity  of  incompatible  element  ratios  in  kimberlite  to  mixing  of  peridotite  (garnet  peridotite 
AJE25  from  Erlank  et  al,  1987). 


Figure  3:  Mean  incompatible  element  abundances,  and  ler  variance,  for  the  Sover-Doomkloof 
kimberlite  and  Sever-North  lamproite,  compared  to  data  for  the  Prairie  Creek  lamproite  (Fraser, 
1987).  Data  are  normalised  to  primitive  mantle.  Note  the  similarity  in  high-field-strength  element 
concentrations  for  data  for  the  Sover-North  and  Prairie  Creek  lamproites. 
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they  are  related  to  variable  source  compositions  or  conditions  of  melt  generation.  In  all  the 
intrusions  under  consideration,  the  degree  of  fractionation  of  the  incompatible-elements,  and 
the  rare-earth-elements  in  particular,  is  such  that  the  magmas  could  not  have  been  generated 
by  melting  of  primitive  (or  depleted)  peridotite,  irrespective  of  the  degree  of  melting.  A 
multi-stage  evolution  process,  involving  enrichment  of  the  mantle  source  region  by 
asthenosphere-derived  melt,  must  be  invoked  to  account  for  the  observed  magma 
compositions. 

Modelling  of  the  rare-earth-element  compositions  of  Group-2  kimberlites  and  lamproites 
from  the  Kaapvaal  Craton  indicates  that  the  lithospheric  substrate  for  metasomatic 
enrichment  was  not  fertile  peridotite.  Rather,  the  lithospheric  source  must  have  undergone 
extensive  depletion  by  removal  of  mafic/ultramafic  melt,  prior  to  enrichment  by  small- 
volume  silicate  melts  (Tainton  and  McKenzie,  1994).  The  rare-earth-element  geochemistry  of 
the  magmas  may  be  used  to  constrain  the  lithospheric  depletion  and  enrichment  processes,  as 
well  as  the  magmagenesis. 

The  evolved  radiogenic  isotope  signature  of  the  Group-2  kimberlite  and  lamproite 
magmas  (i.e.  radiogenic  Sr  and  unradiogenic  Nd)  requires  that  this  enrichment  occurred  a 
minimum  of  0.9  Ga  prior  to  magmagenesis,  and  the  source  subsequently  remained  isolated 
from  the  convecting  upper  mantle  (Tainton,  1992).  This  model  age  constraint  is  calculated 
from  the  measured  Sm/Nd  ratio  of  the  kimberlites.  As  these  elements  were  further 
fractionated  on  melting  of  the  isotopically  evolved  source,  this  represents  a  minimum  age  of 
enrichment. 

Rare-earth-element  modelling  reveals  no  systematic  petrogenetic  differences  between 
Group-2  kimberlites  and  olivine-lamproites  in  the  Barkly  West  district.  Geochemical 
distinctions  between  these  rock -types  (Figure  3)  may  be  readily  explained  as  a  response  to  an 
increased  abundance  of  carbonate  in  the  source  region  of  the  kimberlite  magma  relative  to 
that  of  the  lamproites.  The  similarity  in  the  inferred  evolutionary  histories  of  the  respective 
source  regions  of  these  magmas  is  consistent  with  the  correspondence  of  their  isotopic 
compositions. 
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GLIMERITIC  AND  PERIDOTITIC  XENOLITHS  FROM  THE  MATA  DO  LENCO 
MICACEOUS  KIBERLITE  -  ALTO  PARANAIBA  IGNEOUS  PROVINCE,  BRAZIL: 
EVIDENCES  OF  METASOMATIC  PROCESSES  IN  LOCAL  MANTLE  SOURCES. 

F.H.B.  Tallarico! ,2)  and  O.H.  Leonardos0'. 


(1)  Departamento  de  Geoquimica  e  Recursos  Minerals,  Instituto  de  Geociencias,  Umversidade  de 
Brasilia,  70910  Brasilia,  DF,  Brazil;  (2)  da.  Vale  do  Rio  Doce,  Research  Center,  rua  Sao  Paulo 
n c  351,  301 70-130  Belo  Horizonte,  MG,  Brazil. 

Upper  mantle  metassomatism  has  been  world  wide  documented  in  several  cratonic  and 
pericratonic  areas,  usually  by  xenoliths  which  are  present  in  kimberlite  or  lamproite.  Metasomatic 
processes  in  the  mantle  sources  of  the  Alto  Paranaiba  Magmatic  Province  where  documented  by 
Tallarico  et  al.  (1993)  and  Tallarico  (1993)  in  the  glimeritic  and  peridotitic  xenolith  of  the  Mata  do 
LenQO  Intrusion  (MLI),  being  recently  ratified  through  the  overall  geochemical  investigation  of 
various  host  rocks  of  the  Province  (Gibson  et  al.,  1995).  The  present  study,  is  focused  on  detailed 
petrography  and  mineral  chemistry  of  selected  mantle  xenolith  from  the  Mata  do  Len§o  intrusion. 

Host  magmas  is  a  Cretaceous  (83.5  ±  0.8  Ma  -  phlogopite  megacrystal  K/Ar  age,  Gibson  et 
al.,  1995),  alkaline,  ultrapotassic  (K2O  5.21%;  K^Q/NajO^;  MgO  19.07%),  micaceous  kimberlite 
(Tallarico  et  al.,  1993)  with  chemical  and  petrographic  characteristics  similar  to  madupitic 
lamproites  (Gibson  et  al.,  1995).  The  IML  exhibit  strong  porphiritic  fabric  defined  by  abundant 
megacystals  of  phlogopite,  less  frequent  olivine,  and  rare  enstatite  set  on  a  fine  grained 
inequigranular  matrix.  Matrix  mineralogy  includes  microphenocrystic  phlogopite  and  olivine  set  on 
fine  grained  fabric  of  spinel,  diopside,  perovskite  and  poikilitic  phlogopite.  Rare  chalcopyrite,  pyrite 
and  apatite  also  occur.  Rare  earth  and  highly  incompatible  elements'  geochemistry  of  the  host  magma 
(La/Yb  =  92.77;  Ba/Lu  =  70.92),  as  well  as  its  isotopic  systematic  (143Nd/144Nd  =  0.51225; 
87Sr/86Sr  =  0.70463),  point  towards  a  metassomatized  mantle  source  (Tallarico,  1993;  Gibson  et  al., 
1995). 


Upper  mantle  xenoliths  in  the  MLI  are  basically  of  two  types:  peridotitic  and  glimeritic. 
Peridotitic  xenoliths  are  dunites,  harzburgites  and  lherzolites,  and  rarely  hercinite-spmel  peridotites. 
Garnet-bearing  xenoliths  where  not  recognized. 

Dunites,  harzburgites  and  lherzolites  are  composed  of  olivine  (Fog2  25-86  29’  NiO  0.17- 
0.33%),  enstatite  (En91  02-92.37;  Fs7. 13-8.28’  Wo0.49-0.80)  311(1  Cr-diopside  (Wo44  76_50  46;  Fs3  79. 
5  40;  En44  82-50  2U  ^  0,01-0.06),  depending  on  its  specific  variety.  Accessory  phases  include 

phlogopite  (mg  92.76-94.03;  Ti02  0.15-0.30%;  NiO  0.14-0.29%;  FeOt  2.89-3.51%),  ilmenite  (MgO 
11.52-12.46%;  Cr203  0.43-1.00%),  spinels  (Cr203  54.59-62.59%;  MgO  8.57-11.31%),  perovskite 
and  richterite.  Peridotitic  ilmenites  exhibit  distinguishing  features  of  spinel  exsolution  and 
intergrowth  with  perovskite  and  spinel.  Dunites,  harzburgites  and  lherzolites  occur  in  two  fabrics: 
coarse  and  porphyroclastic.  In  both  textural  types  the  hydrated  paragenesis  occurs  in  typical  textures 
of  modal  (Harte,  1987)  or  patent  (Dawson,  1982)  metasomatism. 

Hercimte-spme!  peridotites  show  porphyroclastic  textures  and  differ  from  common 
porphyroclastic  peridotites  by  the  presence  of  hercinite-spmel  (4 D -spinels:  #Mg  0.53-0.61;  #Fe2+ 
0.34-0.46)  associated  to  the  hydrated  paragenesis.  Phlogopite  and  hercinite-spinel  crystals  are 
xenomorfic,  occurring  in  corrosion  textures  with  anhydrous  peridotite  minerals.  These  spinels  are 
chemically  identical  to  rare  matrix  hercinite-spinel  recognized  as  xenocrysts. 
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Glimentic  xenoliths  are  composed  basically  of  flogopite  (mg  82.36-84.69;  Ti02  3.90-9. 16%; 
NiO  0.00-0.12%;  FeOt  6.48-7.47%),  with  acessory  ilmenite  (MgO  8.36-9.15%;  Cr2C>3  0.05-0.32%), 
and  rare  perovskite,  spinel,  pynte  and  chalcopyrite.  Glimeritic  ilmenites  lack  exsolutions  and 
intergrowths  and  occur  interstitial  to  phlogopite.  Occasionally  extremely  corroded  relicts  of 
anhydrous  peridotitic  mineral  (e  g.  olivine)  are  recognized  in  these  xenolith. 

The  presence  of  richterite,  the  composition  of  the  phlogopite  (high  mg  and  NiO,  and  low 
Ti02  and  FeOt),  as  well  as  the  texture  and  composition  of  the  ilmenite  (with  exsolutions  of  Cr-rich 
spinels,  and  high  contents  of  MgO  and  O2O3)  characterizes  the  metasomatic  paragenesis  of  the 
peridotitic  xenoliths.  The  glimeritic  paragenesis  can  be  distinguished  by  the  phlogopite’s  chemistry 
(lower  mg  and  NiO,  and  higher  T1O2  and  FeOt),  and  the  ilmenite  texture  and  composition  (lack  of 
exsolution,  and  relatively  depleted  in  MgO  and  (>203).  The  evidences  for  two  distinct  hydrated 
metasomatic  paragenesis  suggests  a  complex  (possibly  two-stage)  history  of  incompatible  element 
enrichment  in  the  local  mantle  sources  (see  fig.  1  and  fig  2). 

Extreme  compositional  similarities  between  glimeritic  and  cognate  macro  and 
microfenocrystic  phlogopites  (mg  86.03-88.77;  Ti02  4.92-7.74%;  NiO  0.05-0.23%;  FeOt  4.83- 
6.00%),  suggest  that  glimeritic  xenoliths  originate  from  high  pressure  crystallization  of  the 
ultrapotassic  magma.  In  addition,  glimeritic  phlogopites  and  ilmenites  exhibit  great  compositional 
identity  with  equivalent  phases  of  the  MARID  suite  (Dawson  &  Smith,  1977;  Waters,  1987).  Thus, 
glimeritic  xenoliths  (probable  MARID  rocks)  are  interpreted  as  testifying  consequent  metasomatic 
processes  in  the  mantle  sources. 

Besides  the  mentioned  mineralogical  and  compositional  distinctions  between  the  glimerite  and 
peridotite  metasomatic  paragenesis;  it  was  recognized,  in  the  latter,  that  the  infiltration  of  the 
hydrated  metasomatic  paragenesis  in  anhydrous  peridotites  is  strongly  related  to  neoblast  zones  of  the 
porphyroclastic  varieties,  probably  due  to  mantle  plume.  A  plume-associated  magmagenesis  was 
previously  demonstrated  by  Gibson  et  al.  (1995).  The  origin  of  the  metasomatic  paragenesis 
recognized  in  the  peridotitic  xenoliths  is  still  unknown,  however  association  with  upwelling 
asthenospheric  fluids  or  silicate  melts  is  possible  (e.g.  Bailey,  1970). 
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Fig.  1  -  NiO  vs.  mg  diagram  for  mantle  derived  phlogopites  (after  Dawson  &  Smith,  1977). 
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Fig.  2  -  Cr203  vs  MgO  diagram  for  mantle  derived  ilmenites  (after  Haggerty,  1977;  and  Dawson  & 

Smith,  1977). 
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INCLUSIONS  IN  NATURAL  DIAMONDS  OF  DIFFERENT  HABITS 


Tal'nikova  S.B. 

Yakut  Institute  of  Geosciences,  Siberian  Branch,  Russian  Academy  of  Sciences,  39 
Lenin  av.,  Yakutsk,  677891  Russia 

Comprehensive  study  of  syngenetic  inclusions  in  natural  diamonds  of  different 
morphologies  from  different  kimberlite  pipes  in  Yakutia  has  revealed  the  following. 

Inclusions  of  both  ultrabasic  and  eclogitic  parageneses  in  octahedral  diamonds 
from  different  kimberlite  pipes  are  similar  in  the  set  of  their  composing  minerals 
but  differ  in  distribution. 

In  general,  compositions  of  inclusions  in  diamond  octahedra  from  the  Udachnaya 
pipe  are  similar  to  those  of  analogous  minerals  of  diamond  paragenesis,  except 
sulphide  inclusions.  Sulphides  in  diamonds  from  Udachnaya  are  characterized  by  a 
monophase  composition,  except  one  sample  with  pentlandite  composition.  An 
extensive  isomorphism  between  iron  and  nickel  indicates  that  sulphide  material 
found  as  inclusions  in  these  diamonds  was  a  monosulphide  solid  solution  based  on 
iron  and  nickel  with  an  insignificant  copper  admixture.  Compositional  differences 
of  sulphide  inclusions  are  indicative  of  specific  conditions  of  diamond  growth  in 
each  particular  pipe. 

In  diamonds  of  intermediate  habit,  there  are  inclusions  of  syngenetic  minerals 
showing  morphologies  typical  of  octahedral  diamonds.  The  chemical  composition 
of  inclusions  in  diamond  dodecahedroids  is  consistent  with  that  of  inclusions  of 
similar  minerals  in  octahedral  diamonds.  On  the  whole,  similarities  in  the  set,  shape 
and  composition  of  syngenetic  inclusions  in  octahedral  and  dodecahedral  diamonds 
evidence  that  some  diamonds  of  intermediate  habit  could  have  resulted  from 
resorption  or  anti-skeletal  growth  of  octahedral  crystals. 

Yellow  diamond  cubes  of  Habit  II  (in  Yu  ,L.  Orlov’s  mineralogical  classification) 
have  shown  unusual  syngenetic  inclusions  that  differ  much  from  typical  minerals  of 
eclogitic  and  peridotitic  parageneses  in  diamond  octahedra.  The  unusual  foreign 
particles  are  microinclusions  of  complicated,  variable  composition  with  high 
potassium  contents.  The  microinclusions  show  significant  variations  of  SK>2, 
AI2O3,  FeO,  MgO,  Na20,  P2O5  and  CI2.  The  microheterogeneity  of  the  studied 
inclusions,  unusual  composition,  presence  of  volatiles,  and  behavior  under  electron 
microprobe  suggest  that  they  have  originated  from  a  melt.  Probably,  they  represent 
either  a  partially  crystallized  melt  with  dissolved  volatile  components  or  a  fine 
mixture  of  several  minerals  (Tal’nikova,  Pavlova,  1993). 

Because  large  mineral  phases,  like  inclusions  in  octahedral  diamonds,  have  never 
before  been  encountered  in  cubic  diamonds  of  the  above  mentioned  habit,  a  find  of 
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two  inclusions  of  different  psrageneses  in  one  diamond  cube  (from  Z.  V.Spetsius* 
collection)  is  of  interest.  X-ray  spectral  analysis  of  one  of  the  inclusions  (an 
intergrowth)  showed  the  presence  of  the  mineral  association  serpentine* 
chroimte+caldte+silphides  of  the  system  Fe-Ni-Cu-S.  It  was  supposed  that  the 
info-growth  of  unusual  mineral  association  was  probably  protogenic  and  entrapped 
from  a  kimberlite  melt  during  final  growth  of  diamond  in  the  earth's  oust.  Further 
polishing  of  the  cube  exposed  the  other  inclusion  of  omphadte  composition  with 
low  potassium  concentrations.  Thus,  the  studied  diamond  cube  contains  both 
ultrabasic  and  eclogitic  inclusions  (there  are  few  examples  for  the  co-existence  of 
inclusions  of  different  parageneses  in  octahedral  diamonds  in  literature).  Most 
probably,  this  particular  diamond  nucleated  and  grew  in  edogitic  environment 
under  upper  mantle  conditions.  However,  the  final  growth  of  the  crystal  took  place 
in  a  kimberlite  melt  that  transported  it  to  the  surface.  This  is  evidenced  by  the 
following:  1 .  The  omphadte  inclusion  is  closer  to  the  center  of  the  crystal  than  the 
intergrowth.  2.  The  lack  of  cracks  from  the  inclusions  to  the  diamond  surface 
suggests  that  the  inclusion  of  chromite+caltit@*$ulphide*serpentine  composition  is 
not  epigenetic  and  at  the  time  of  entrapment  was  a  caldte+seipentine  seudomorph 
after  olivine  with  a  chromite  inclusion.  Also  interesting  is  a  find  in  another  cubic 
diamond  of  an  indusion  which  is  a  caldte+phlogopite  intergrowth,  with  the 
phlogopit e  being  situated  in  its  center.  The  phlogopife  is  consistent  with  the 
Iherzolite  paragenesis,  as  established  by  N.V.Sobolev  and  coauthors  (1988). 

Interestingly,  found  in  the  central  parts  of  the  ydlow  diamond  cubes  were 
octahedral  areas  with  indusions  of  fordgn  matter  at  their  borders  indicative  of  a 
hiatus  in  the  crystallization  process,  which  is  a  proof  of  two  generations  of  diamond. 
Therefore,  a  change  of  habit  in  a  single  diamond  does  not  evidence  a  change  of 
growth  conditions  during  continuous  crystallization.  The  latter  could  result  from 
sudden  increase  of  ©versatur&tion,  with  kinetic  regime  giving  way  to  diffusional  one 
(normal  growth  at  high  rate).  Maybe,  cubic  diamonds  with  the  octahedral  central 
areas  are  similar  in  their  nature  to  coated  diamonds. 

Inclusions,  found  in  the  mitral  parts  of  our  studied  coated  diamond  crystals, 
correspond  in  composition  to  ©dogite  cedes  rocks.  Only  one  intergrowth  of 
phlogopite  and  native  iron  found  so  far  in  a  core  of  a  coated  diamond  from  the 
Aykfaal  pipe  corresponds  in  mica  composition  to  the  ultrabasic  paragenesis.  Finds  of 
native  iron  in  octahedral  diamonds  are  known  (Sobolev  et  al.,  1981;  Bulanova, 
Zayakina,  1991). 

Grey  cubic  diamonds  of  Habit  III  ©©ntein  abundunt,  tiny,  opaque  particles  of  which 
only  few  are  suitable  in  size  to  microprobe  analysis.  Pyrope-atmandine  and  rutile 
were  found  previously  in  such  diamonds  (E.S.Efimova,  personal  comm.).  Of  the 
inclusions  which  are  typical  of  octahedral  diamonds,  an  omphadte  indusion  has 
been  found  quite  recently  in  two  cubic  diamonds  from  the  Aykhal  pipe,  m  well 
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as  two  syngenetic  chromite  inclusions  in  a  clear  cubic  diamond  from  the  Zamitsa 
pipe  (Tal'nikova,  Spetsius,  unpublished  data).  Notably,  the  latter  crystal  differs  in 
concave  faces  from  typical  diamond  cubes.  As  shown  previously  by  X-ray  and 
cathodoluminescence  topography  (Welboum  et  al.,  1989),  concave  cubes  result 
from  mixture  of  normal  octahedral  growth  in  narrow  sectors  with  so-called  cuboid 
growth  (areas  of  hummocky  non-crystallographic  surface  with  the  <100> 
orientation)  in-between  the  sectors.  Therefore,  the  find  of  chromite  inclusions  in 
one  of  the  studied  cubic  diamonds  suggests  that  they  form  in  both  eclogitic  and 
ultrabasic  environments.  The  few  of  the  analyzed  microinclusions  in  grey  diamond 
cubes  are  a  fine  mixture  of  several  minerals  with  predominant  calcite. 

Diamonds  of  different  morphologies  also  differ  in  the  inner  structure,  as  indicated 
by  colored  cathodoluminescense  data  .  Octahedral  diamonds  show  a  more 
complicated  growth  pattern  as  compared  to  cubic  ones.  The  latter  experience 
insignificant  changes  of  the  inner  structure  only  during  final  crystallization  stages. 
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PROSPECTS  OP  THE  UKRAINE  TERRITORY  DIAMOND I PER CWSNE S S . 

11  i  o 

Tarasyujj:  O.N.  ,  Chashka  A.I.,  Smirnov  G.I.,  Lebed  U.I., 

Knyazev  G.I. 


1.  The  Ukrainian  State  Institute  of  Mineral  Resources, 

333620,  47/2,  Kirov  avenue , Simferopol , Crimea, Ukraine . 

2,  The  State  Ukrainian  Committee  on  Geology  and  Mineral 

Resources  Utilization,  34,  Vladimirskaya  street,  Kiev-34, 

232001 ,  Ukraine . 

The  territory  of  the  Ukraine  as  south-western  margin  of  the 
Eastern-European  platform  is  characterized  by  typical  of  all 
platforms  structural-tectonic , magmatic  and  another  features , cha¬ 
racteristic  of  regions  with  revealed  diamond-bearing  kimberlites. 
Besides , diamonds  within  its  limits  have  been  established  in  ter¬ 
rigenous  deposits  of  various  age  -  from  Upper  Proterozoic  to  mo¬ 
dern  alluvium  -  in  more  than  hundred  places.  With  this,  from  Ne¬ 
ogene  sands  of  the  Middle  Pridneprovslci  region  hundreds,  and 
from  one  of  operating  placer  -  even  thousands  of  mainly  fine 
(less  than  0,3nim  )  diamond  grains  were  recovered.  Garnet-pyrope 
has  areal  distribution  in  incomparably  larger  amounts, than  dia¬ 
mond;  lately,  in  association  with' garnet-pyrope  picroilmenite , 
chrome-diopside ,chrome-spinellid  and  magnesia!  olivine  were 
f  ound • 

Among  the  Ukrainian  diamonds  all  varieties , characteristic  of 
known  commercially  important  genetic  -,ypes  of  native  sources: 
kimberlites ,lamproites , impact ites  and  metamorphites  were  estab¬ 
lished.  Kimberlites (the  eastern  Priazovski  region)  and  impact i- 
tes9the  western  slope  of  the  Ukrainian  Shield)  have  been  alrea¬ 
dy  found.  There  are,  prerequisites  for  revealing  of  lamproitic 
and  metamorphogenous  native  sources. 

The  regions  with  good  prospects  are:  the  Eastern  Priazovski 
region,  the  north-western  and  western  slopes  of  the  Ukrainian 
Shield(US). 

In  the  relatively  well-studied  Eastern  Priazovski  region, 
within  the  limits  of  Petrovsko-Kumarovskoe  kimberlite  field, the 
knot  of  kimberlite  bodies (  3  pipes  and  1  dyke  )  was  established, 
and  there  are  prerequisites  for  revealing  of  some  more  similar 
knots.  Just  here  the  basic  amounts  of  geological-explorat ion 
work  are  concentrated.  They  are  directed  to: 

-  bulk  sampling  of  already  discovered  and  once  again  being 
discovered  kimberlite  bodies; 

-  large-scale (  1  :  3000  -  2000  )  land  geophysical  investiga 
tions  with  the  purpose  of  "pipe"  type  anomalies  revealing; 

-  geological  additional  study (1  :  23000)  for  a  closer  defi¬ 
nition  of  a  field  geological-structural  positions; 

-  small-  and  large-volumetric  sampling  of  the  various  age 
terrigenous  deposits; 

-  experimental-methodical  wprk  in  dispersion  haloes  of  in¬ 
dicat  or-minerals  in  a  revealed  knot  of  kimberlite  bodies  with 
elaborating  of  optimal  methods  of  heavy  concentrate , fine-  and 
large -volume trie  sampling  . 

At  the  north-western  slope  of  the  US  with  its  main  struct u- 
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re  -  Volyn* -Podolskaya  plate (VPP),  which  is  extremely  long-term 
one , regarding  revealing  of  diamond  facies  kimberlites (about 
which  finds  of  their  fragments  in  original  heterogenous  brecci¬ 
as  give  ev-Ld.eiice  ax  xne  north  of  Volyn*  (1975  -  1 976),  but  it  is 
studied  extremely  unevenly  with  geological-geophysical  methods, 
it  is  foreseen  the  following: 

-  restoration  of  the  most  long-term  areas (Kukhot sko-Volynsk- 
aya,  Dubno-Pelchanskaya  ans  Middle-Prodneprovskaya)  geological 
bases ; 

-  preparation  of  the  Middle  Pridnestrovskaya  area  geological 
base ; 

-  carrying  out  of  general  search  for  diamonds  during  geologi 
cal  survey  and  deep  geological  mapping. 

The  western  slope  of  the  US  with  its  the  most  long-term  re  - 
gion  -  the  Middle  Pcbuzh9e  -  in  spite  of  numerous  and  rather 
mass  diamond  finds  in  Neogene  placers  -  has  been  studied  unsuffi 
ciently.  Appearance  of  diamonds  in  finely  classified  sands  of 
the  Middle  Pridneprovski  region, diamonds  and  indicator-minerals 
of  kimberlites  in  bait  inequigranular  deposits  of  the  Middle  Po~ 
buzhfe  and  Middle  Pridnestrov1 e  are  connected  with  quite  uninves 
tigated, regarding  native  diainondiferousness , dividing  part  of  Be- 
raichev  uplift.  It  is  more  interesting  because  coincides  with 
the  most  ancient  Archean  Block  and, hence,  the  most  long-term 
one, by  Clifford  rule (1965),  for  revealing  of  diamond  facies  kim¬ 
berlites  within  the  limits  of  the  US.  It  is  planned  here: 

-  ensuring  by  necessary  amounts  of  geophysical  investigati¬ 
ons  ; 

-  heavy  concentrate , fine-  and  large-volumetric  sampling  du¬ 
ring  geological  additional  study  of  the  area  of  watershed  part 
of  Berdichev  uplift ; 

-  generakization  of  all  geological  material  on  bait  deposits- 
with  heavy  concentrate-, fine-  and  large -volume trie  sampling  of 
their  basal  horizons  and  near-subterrane  alluvium  of  channels, 
draining  them. 

The  fulfilment  of  planned  work  will  make  it  possible  to  pro¬ 
gress  substantially  in  decision  of  diaraondiferousness  problem 
of  the  Ukraine  territory. 

Clifford  T.N.  I960.  Earth  Plan.  Sci.  Letts., 1,  421  -  434. 
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QUANTITATIVE  NITROGEN  AGGREGATION  STUDY  OF  SOME  YAKUTIAN 
DIAMONDS:  CONSTRAINTS  ON  THE  GROWTH,  THERMAL,  AND 
DEFORMATION  HISTORY  OF  PERIDOTITIC  AND  ECLOGITIC  DIAMONDS. 

W.R.  TaylorG.2),  G.  BulanovaG)  and  H.J.  MilledgeG) 

(1)  Research  School  of  Earth  Sciences,  Australian  National  University,  Canberra,  A.C.T.  0200,  Australia 

(2)  Dept  of  Geological  Sciences,  University  College  London,  Gower  St.,  London  WC1E  6BT,  U.K. 
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Introduction:  Many  diamonds  exhibit  complex  multistage  growth  and 
deformation  histories  that  provide  a  record  of  processes  that  occurred  in  the  lithosphere 
over  the  residence  time  of  the  diamond.  Residence  periods  for  diamond  may  be  >3  Ga  but 
younger  outer  growth  zones  can  have  significantly  shorter  residence  times  so  potentially 
one  diamond  can  contain  information  over  nearly  the  entire  lithosphere  history  .  It  is 
possible  to  extract  this  information  from  diamonds  because,  unlike  oxide  and  silicate 
minerals,  they  are  not  recrystallized  during  ordinary  geological  events.  Y akutian 
diamonds  are  particularly  valuable  for  these  studies  because  they  are  generally  not 
strongly  resorbed  and  consequently  the  latest  growth  zones  tend  to  be  well  preserved.  In 
this  preliminary  study,  four  inclusion-bearing  peridotitic  and  eclogitic  diamonds,  one  of 
each  type  from  from  the  Udachnaya  and  Mir  kimberlite  pipes,  were  selected  for  detailed 
investigation  of  their  internal  structure  by  cathodoluminescence  (CL)  and  infrared  (IR) 
methods.  These  specimens  were  chosen  to  be  representative  of  the  different  diamond 
internal  structures  encountered  among  Y akutian  stones  and  because  they  contain 
inclusions  that  have  provided  age  or  geothermometry  data. 

Methods:  For  this  investigation  (110)  polished  central  sections  were  prepared 
through  the  four  specimens  at  the  Yakutian  Institute  of  Geological  Sciences.  In  some 
cases  the  central  plates  were  repolished  or  peripheral  plates  were  prepared  in  order  to 
expose  inclusions  for  geothermometry.  Several  detailed  IR  traverses,  taken  in  trans¬ 
mission,  were  made  across  the  plates  using  an  IR  microscope  with  a  120/^m  aperture. 
Particular  care  was  taken  to  match  the  CL  zonation  patterns,  detrmined  on  top  and  bottom 
surfaces  of  the  plates,  with  the  IR  traverses.  Ideally  the  CL  patterns  of  opposite  sides  of 
the  plates  should  be  mirror  maps  of  one  another  if  growth  proceeded  in  a  regular  way 
from  a  central  nucleus,  and  in  this  case  (e.g.  1525  in  this  study)  IR  measurements  can  be 
matched  closely  with  particular  growth  stages.  This  situation  is  not  generally  the  case 
when  nuclei  are  not  central  and  where  growth  is  irregular,  but  it  is  usually  possible  to 
select  areas  from  which  useful  data  can  be  obtained.  The  IR  data  was  quantitatively 
processed  to  yield  nitrogen  contents  and  aggregation  states.  Where  age  data  does  not  exist, 
a  mantle  residence  time  (tMR)  of  2.6  Ga  was  used  to  determine  nitrogen  aggregation 
temperatures  (T[NA])  for  the  purposes  of  comparison.  This  assumes  a  diamond  formation 
age  near  2.9  Ga  using  a  Devonian  kimberlite  age.  Because  the  kinetics  of  nitrogen 
aggregation  are  not  particularly  sensitive  to  residence  time,  this  approach  will  yield  geo¬ 
logically  useful  temperatures  within  ~500  Ma  of  the  actual  formation  age,  and  for  zoned 
specimens,  will  give  valid  temperatures  provided  core  to  rim  growth  took  place  in  less 
than  a  few  100  Ma.  Such  data  can  be  used  in  conjunction  with  geothermometry  results  to 
deduce  the  thermal  history  of  the  diamonds  and  hence  that  of  the  host  lithosphere. 

Mir  peridotitic  plate  1525:  This  diamond  has  a  complex  internal  structure  built 
up  of  successive  octahedral  growth  layers  that  may  be  divided  into  four  zones  (Fig.  1). 

The  inner  core  has  high  nitrogen  and  hydrogen  contents  and  is  composed  of  fully 
aggregated  type  laB  diamond.  It  yields  a  T[NA]  value  of  >1324°C  for  tMR  =  2.6Ga.  The 
outer  portion  of  the  inner  rim  has  been  selectively  resorbed  and  the  resorption  features 
have  been  infilled  by  very  low-nitrogen  diamond  (type  II  diamond)  having  no  CL 
response.  This  type  II  region  is  decorated  by  non-touching  olivine  and  garnet  inclusions 
which  yield  a  Fe-Mg  temperature  of  1262°C.  The  type  II  region  is  overgrown  by  zones  of 
low  nitrogen  type  IaAB  diamond  (10-60  atomic  ppm)  giving  T[NA]  values  between  1242 
and  1186°C.  This  outer  rim  zone  shows  abundant  slip  lines  under  CL  which  arise  from 
plastic  deformation.  They  are  particularly  noticable  in  regions  of  low  nitrogen  content. 
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The  slip  lines  terminate  at  the  inner  rim  which  contains  ~300  atomic  ppm  of  nitrogen 
together  with  some  fine  type  II  bands.  The  boundary  with  the  outer  rim,  which  contains 
-600  ppm  nitrogen,  is  abrupt.  T[NA]  values  for  the  inner  rim  are  -1 154°C  and  for  the 
outer  rim  are  ~1099°C.  Platelet  indices  (see  Taylor  and  Milledge,  1995)  decrease  from 
low  values  in  the  inner  core,  through  values  of  -15  in  the  outer  core  to  -28  and  -40  in  the 
inner  and  outer  rims,  respectively.  This  indicates  the  successive  zones  grew  under 
conditions  of  decreasing  temperature  consistent  with  the  calculated  T[NA]  values.  A 
composite  (touching)  inclusion,  comprising  two  pyroxenes  plus  magnesite,  is  located  in 
a  type  II  patch  within  the  outer  core.  It  yields  a  temperature  of  930°C,  indicating  the 
diamond  cooled  to  a  cratonic  geotherm  after  formation. 

Mir  eclogitic  plate  1168:  This  plate  comprises  a  complexly  zoned  octahedral  core 
with  plastic  deformation  slip  lines  and  regions  containing  giant  platelets  (>10  microns 
size).  The  core  is  off-centre  perpendicular  to  the  plate  making  IR  measurements  difficult 
to  interpret  in  this  region.  Nevertheless  the  core  is  highly  aggregated  with  T[NA]  >1200°C 
for  tMR  =  2.6Ga.  Non-touching  garnet  and  clinopyroxene  inclusions  in  the  core  yield  an 
Fe-Mg  temperature  of  1244°C.  The  core  is  surrounded  by  a  cuboid  growth  zone  having  a 
high  H  content  and  pink  CL  colour.  Such  a  zone  seems  to  be  a  common  feature  of  many 
Yakutian  eclogitic  diamonds.  This  zone  is  overgrown  by  more  regular  octahedral  growth 
zones  with  T[NA]  values  -1 100-1 150°C.  A  pair  of  non  touching  inclusions  in  the  rim 
yield  an  Fe-Mg  temperature  of  1 189°C.  Platelet  indices  of  this  specimen  increase  from 
core  to  rim  indicating  growth  and  residence  under  different  thermal  regimes. 

Udachnaya  peridotitic  plate  3648:  This  plate,  of  a  slightly  resorbed  octahedron, 
was  the  subject  of  a  SHRIMP  study  by  Rudnick  et  al.  (1993).  Sulphide  inclusions  within 
the  diamond  core  give  an  age  of  -2.0  Ga  while  other  inclusions  in  the  rim  give  either 
poorly  constrained  ages  or  very  young  ages  near  that  of  kimberlite  eruption.  Under  CL  the 
internal  structure  of  the  diamond  was  found  to  be  more  complex  than  indicated  by  original 
UV  photoluminescence  studies.  To  a  first  order,  the  diamond  is  composed  of  a  core  region 
containing  -300-400  atomic  ppm  nitrogen  with  T[NA]  -1 166°C  for  tMR  =  2.0Ga.  It  is 
surrounded  by  a  low  nitrogen  rim  (<100  atomic  ppm)  with  T[NA]  -1 150°C  for  the  same 
tMR.  If  the  diamond  remained  at  the  same  mantle  temperature  throughout  its  history  then 
the  rim  would  have  formed  at  a  later  time,  in  fact  at  around  950  Ma,  but  there  is  no  I R 
evidence  that  outer  zones  of  the  diamond  formed  at  a  very  young  time.  Detailed  CL  study 
of  the  diamond  reveals  that  its  final  form  does  not  reflect  only  octahedral  layer  growth.  It 
is,  in  fact,  composed  of  a  mosaic  of  fragments  with  angular  or  conchoidal  boundaries 
together  with  type  II  infill  regions.  Type  II  regions  are  common  in  the  outer  part  of  the  rim 
and  zones  in  which  displacement  and  rotation  of  the  fragments  occurred  can  be  identified. 
At  some  stage  in  its  history  the  diamond  was  broken  into  small  fragments  and  the 
fractures  were  later  rehealed.  Because  old  fracture  boundaries  are  decorated  by  platelets, 
the  fracturing  must  have  been  an  ancient  event  that  occurred  prior  to  significant  nitrogen 
aggregation.  There  is  no  hint  in  ordinary  light  that  the  diamond  is  composed  of  fragments 
and  the  specimen  appears  to  be  a  normal  single  crystal.  Sulphide  inclusions  located  on 
healed  fracture  boundaries  may  have  been  exposed  to  exchange  with  mantle  fluids  causing 
their  isotopic  composition  to  be  reset.  This  may  be  the  reason  for  the  disturbed  ages  of  the 
rim  sulphide  inclusions.  This  diamond  is  one  example  of  a  number  of  similar  specimens 
from  Udachnaya  which  show  brittle  deformation  textures.  Such  diamonds  were 
presumably  deformed  under  cool  mantle  conditions  at  high  strain  rates. 

Udachnaya  eclogitic  plate  3105:  This  diamond  shows  complex  zonation  and  has 
a  geometrically  off-centre  core  containing  -450  atomic  ppm  nitrogen  and  high  hydrogen 
levels  with  T[NA]  of  -1 140°C.  The  core  is  enclosed  by  a  zone  containing  type  II 
diamond.  Part  of  the  core  appears  to  have  been  fractured  and  rehealed  and  other 
irregularly  shaped  regions,  surrounded  by  type  II  diamond,  are  present.  The  core  region  is 
surrounded  by  regular  octahedral  growth  layers  with  -200-  250  ppm  nitrogen  which  give 
T[NA]  values  of  -1 125°C.  Non-touching  garnet  and  clinopyroxene  inclusions  in  this 
growth  zone  gives  an  Fe-Mg  temperature  of  1160°C.  The  diamond  has  been  overgrown  at 
a  late  stage  by  fibrous  diamond.  It  is  of  mixed  type  IaA-Ib  character  with  -1 100  atomic 
ppm  nitrogen  and  -20%  lb  component  giving  it  a  deep  yellow  colour.  If  it  grew  and 
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resided  in  the  mantle  at  ^950°C,  then  this  outer  zone  would  have  formed  <5Ma  before 
kimberlite  eruption  (see  Taylor  et  al.,  1995). 

Discussion:  Yakutian  diamonds  show  multistage  growth  histories  which  in  some 
cases  involve  a  late  phase  of  growth  that  appears  to  have  immediately  preceded  kimberlite 
eruption.  The  cores  of  many  diamonds  grew  and  resided  under  high  temperature  cond¬ 
itions  (>1200°C)  and  those  cores  show  evidence  of  plastic  deformation.  Other  diamonds 
have  been  brittly  deformed  presumably  under  cool,  subsolidus  conditions  (<1000°C)  at 
high  strain  rates  within  the  lithosphere.  In  such  circumstances,  inclusions  located  on 
fracture  surfaces  are  open  to  exchange  of  components  with  their  surroundings  until  the 
fractures  are  rehealed.  If  careful  CL  studies  of  the  host  diamond  have  not  been  done  then 
geochemical  study  of  such  inclusions  may  give  misleading  results.  Core  temperatures  are 
consistent  with  growth  of  the  diamonds  from  either  volatile-bearing  melts  or  fluids, 
whereas  late  overgrowths  such  as  that  on  plate  3105  most  probably  grew  from  the  fluid 
phase.  In  either  case,  regular  octahedral  growth  requires  that  substantial  volumes  of  melt 
or  fluid  are  present  to  ensure  growth  is  not  inhibited  by  grain  to  grain  contact.  Inclusion 
temperatures  are  generally  several  10’s  of  °C  higher  than  T[NA]  values  for  the  same  zones 
and  platelet  indices  increase  from  core  to  rim.  This  is  good  evidence  that  Yakutian 
diamonds  grew  during  a  period  of  thermal  perturbation  of  the  lithosphere,  and  following 
this  event,  the  diamonds  and  their  host  rock  cooled  to  the  ambient  geotherm. 
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Introduction:  Natural  type  I  diamonds  contain  up  to  -4000  atomic  ppm  of 
substitutional  nitrogen  impurities  which  were  initially  incorporated  in  a  singly-substituted 
form  (C-defect-centres)  at  the  time  of  diamond  growth.  Diamonds  containing  only  C-defects 
are  known  as  type  lb  and  most  synthetic  diamonds,  grown  from  metal  catalysts,  are  of  this 
type.  During  residence  of  diamond  at  high  temperatures  in  the  mantle,  the  early-formed  C- 
defects  aggregate  to  form  A-defect  centres  (type  IaA  diamond);  further  aggregation  yields  13- 
defect  centres  and  platelets  (type  laB  diamond).  Natural  diamonds  from  kimberlite  and 
lamproite  pipes  are  generally  mixed  type  IaAB  stones  consistent  with  long-term  mantle 
storage  at  -1050-1250  °C.  Because  most  diamond  populations  have  had  long-term  histories  at 
high  temperature,  type  lb  or  mixed  Ib-IaA  diamonds  are  comparatively  rare  in  nature  and  if 
present  must  represent  a  young  diamond  population  and/or  one  which  grew  and  resided 
under  relatively  cool  conditions  (<1050°C).  Some  natural  diamonds  of  very  low  nitrogen 
content  may  also  contain  lb  nitrogen.  Type  Ib-IaA  diamond  from  kimberlitic  sources  (e.g. 

Y akutia,  Zaire)  typically  occur  as  cuboid  overgrowths  (coats)  on  octahedral  diamonds  or  as 
individual  crystals  of  cuboid  habit:  Such  diamonds  are  characterized  by  a  yellow,  yellow- 
green  or  orange  colour.  Type  Ib-laA  microdiamonds  also  occur  in  crustal  host  rocks  in  some 
metamorphic  belts  such  as  the  Kokchetav  massif  in  Kazakhstan  (Finnie  et  al.,  1994). 

In  order  to  evaluate  the  thermal  history  of  type  Ib-IaA  diamonds  the  kinetics  of  the 
aggregation  process  need  to  be  accurately  determined.  There  have  been  several  previous  high- 
P,T  investigations  of  the  kinetics  of  the  lb  to  IaA  transformation  which  showed  that  the 
aggregation  process  is  consistent  with  2nd  order  kinetics.  These  studies,  however,  have 
yielded  a  wide  range  of  different  values  for  the  activation  energy  (Ea)  and  Arrhenius  constant 
(A)  (see  Kanda  et  al.,  1990).  At  least  part  of  this  variability  may  relate  to  sector-dependence 
of  the  lb  aggregation  rate  in  the  cubo-octahedral  synthetic  diamonds  used  as  starting 
materials.  Satoh  et  al.  ( 1990)  found  that  nitrogen  aggregation  was  enhanced  in  the  octahedral 
(111)  sectors  compared  to  the  cube  ( 100)  sectors,  possibly  due  to  higher  concentrations  of 
lattice  vacancies  in  the  (1 1 1)  sectors.  If  the  extent  of  aggregation  is  not  determined  by  a 
microanalytical  technique  capable  of  distinguishing  between  the  sectors,  then  an  average 
value  for  the  kinetic  parameters  will  be  obtained.  For  application  to  natural  Ib-IaA  diamonds, 
which  are  almost  invariably  of  cube  or  cuboid  habit,  the  aggregation  rate  determined  on  the 
cube  sectors  will  be  most  relevant. 

Methods:  Fourteen  high-P,T  experiments  were  carried  out  over  the  range  6.5  to  9.5 
GPa  and  2200  to  1350°C  using  multianvil  presses  at  the  Bayerisches  Geoinstitut,  Bayreuth 
and  the  High  Pressure  Laboratory,  Edmonton.  Run  durations  varied  from  a  few  minutes  at 
the  highest  T  to  44  hours  at  the  lowest  T.  Starting  materials  consisted  of  <2mm  size  DeBeers 
and  GE  synthetic  lb  diamonds  of  either  conventional  cubo-octahedral  form  or  of  largely  cubic 
form  in  which  the  octahedral  faces  were  poorly  developed,  together  with  some  natural  Ib-IaA 
cubic  diamonds  (including  a  Kokchetav  cube)  with  high  nitrogen  contents.  The  synthetic 
diamonds  were  confirmed  to  be  pure  type  lb  diamonds  by  infrared  (IR)  spectroscopy. 
Following  a  high  pressure  run,  aggregation  state  and  nitrogen  contents  were  determined 
separately  on  cube  and  octahedral  faces  using  a  Bruker  IR  microscope  with  a  120  pirn 
aperture.  Spectra  were  baselined,  scaled  to  a  constant  thickness  of  1  mm  and  deconvoluted 
into  lb  and  IaA  components.  In  some  runs,  the  cube  faces  of  synthetic  diamonds  were  lightly 
graphitized  and  this  was  removed  by  acid  treatment  prior  to  IR  determinations.  Total  nitrogen 
contents  of  the  diamonds  were  determined  using  the  lb  and  IaA  absorption  coefficients 
recommended  by  KiflaWi  et  al.  (1994). 
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Results:  The  results  are  illustrated  on  Arrhenius  plots  (log  of  second  order  rate 
constant  k2  versus  reciprocal  temperature)  shown  in  Figs  1A  and  IB  for  spectra  determined 
on  cube  and  octahedral  faces,  respectively.  At  temperatures  <1500°C  no  discernible 
conversion  was  detectible  for  cube  sectors  of  synthetic  diamonds  and  natural  cubes.  Within 
error  limits,  the  data  show  a  linear  dependency  (regression  coefficients  >0.9)  consistent  with 
2nd  order  kinetics.  There  is  no  discernible  pressure  effect  on  the  aggregation  rate  and 
consistent  results  were  obtained  from  the  natural  and  synthetic  cubes.  Determined  activation 
energies  show  a  large  difference  between  cube  sectors  (6. 0±0.2  eV)  and  octahedral  sectors 
(4.4±0.3  eV)  in  agreement  with  the  findings  of  Satoh  et  al.  (1990).  The  two  different 
activation  energies  are  in  excellent  agreement  with  theoretical  calculations  of  Mainwood 
(1994),  who  obtained  6.3eV  for  nitrogen  migration  involving  direct  interchange  of  atoms, 
and  4.5  eV  for  a  vacancy-assisted  mechanism,  though  the  reason  for  sector  dependence  is  not 
obvious.  The  data  points  of  Kanda  et  al.  (1990)  have  been  recalculated  with  new  absorption 
coefficients  and  plotted  in  Fig.  IB  for  comparison.  Although  some  of  these  data  points  fall  on 
or  close  to  the  (1 1 1)  regression  line,  many  of  the  points  scatter  toward  the  (100)  line.  It 
appears  that  although  Kanda  et  al.  made  efforts  to  measure  only  (111)  faces,  some  overlap 
with  cube  sectors  occurred  resulting  in  an  array  of  points  that  define  a  mixing  line  between 
differently  aggregated  sectors. 

Discussion:  In  previous  investigations  of  natural  Ib-IaA  diamonds  an  activation 
energy  of  5  eV  from  Evans  and  Qi  (1982)  has  usually  been  employed  in  kinetic  calculations. 
Our  results  suggest  that  a  value  of  6eV  is  more  appropriate  for  natural  Ib-IaA  cubes  which 
implies  such  diamonds  have  experienced  higher  temperatures  and/or  have  longer  residence 
times  at  depth  than  previously  proposed.  By  way  of  an  example,  Finnie  et  al.  (1994)  calculate 
a  very  short  (-0.2-0.4  Ma)  high-P  residence  time  for  Kokchetav  microdiamonds  assuming  an 
average  temperature  of  900°C.  Using  the  new  activation  energy,  a  high-P  residence  time  of 
between  7  and  15  Ma  is  obtained.  This  longer  residence  period  is  in  good  agreement  with 
geochronological  studies  which  suggest  a  subductioii  to  exhumation  history  of  -15-20  Ma  for 
the  Kokchetav  massif  (Jagoutz  et  al.,  1990).  The  new  kinetic  parameters  can  also  be  used  to 
place  constraints  on  the  timing  of  growth  of  yellow  Ib-IaA  cubes  such  as  that  described  by 
Talnikova  (1994)  from  the  Udachnaya  pipe.  This  diamond  contains  -1000  atomic  ppm 
nitrogen  and  is  -80%  aggregated.  If  it  grew  and  resided  in  the  mantle  under  cool  conditions, 
say  in  the  range  1050  to  950°C,  then  it  would  have  formed  in  the  interval  0. 1  to  7  Ma  before 
kimberlite  eruption.  Thus  it  appears  that  yellow  cubes  of  this  kind  formed  during  a  very  late 
lithospheric  diamond  growth  event  that  immediately  preceded  kimberlite  eruption. 
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NITROGEN  AGGREGATION  AND  CATHODOLUMINESCENCE  CHARACTERISTICS 
OF  DIAMONDS  FROM  THE  POINT  LAKE  KIMBERLITE  PIPE,  SLAVE  PROVINCE, 
NWT,  CANADA. 
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Introduction:  The  Point  Lake  kimberlite  pipe  was  discovered  near  Lac  de  Gras  in 
the  Northwest  Territories  of  Canada  in  1991  (Pell,  1994).  It  was  the  first  of  numerous 
diamondiferous  kimberlite  pipes  located  by  indicator  mineral  and  geophysical  surveys  in 
the  central  Slave  Province.  Pipes  in  the  Lac  de  Gras  region  intrude  Archean 
metasediments  and  granite  gneiss  and  in  some  cases  cut  dolerite  dikes  of  which  various 
Proterozoic  swarms  are  recognized.  Radiometric  dating  of  two  pipes  in  the  Lac  de  Gras 
region  have  given  Eocene  ages.  During  1992,  bulk  testing  of  160  tonnes  of  drill  core  from 
the  Point  Lake  kimberlite  yielded  a  total  of  101  carats  of  diamond  of  which  approximately 
25%  were  gem  quality  (Pell,  1994).  In  this  study,  a  selection  of  macrodiamonds  (+3 
fraction)  and  ~1  mm-sized  diamonds  (-3  fraction)  were  examined.  From  the  mm-sized 
stones,  a  representative  sample  was  chosen  for  detailed  infrared  (IR)  spectral  and 
cathodoluminescence  (CL)  investigation.  Some  large  diamonds  were  polished  on 
opposing  faces  to  reveal  internal  structure. 

Results:  In  terms  of  external  morphology,  colour  and  resorption  history,  the  Point 
Lake  diamonds  of  both  size  ranges  show  great  diversity.  Diamond  morphologies  range 
from  colourless  octahedra  through  resorbed  dodecahedral  forms  and  unusual  dendritic 
shapes  to  cubes.  The  cubes  include  translucent  to  opaque  coated  (i.e.  overgrown)  stones 
some  of  which  are  distinctly  milky  in  colour  due  to  the  presence  of  abundant  carbonate. 
Occasional  clear  diamonds  have  “exploded  cores”  containing  high  pressure  CO2  and 
carbonate.  Several  diamond  specimens  show  strong  surface  etching  and  graphitization 
presumably  arising  from  interaction  with  volcanic  gases  at  high  levels  in  the  pipe. 

The  nitrogen  aggregation  characteristics  of  the  Point  Lake  diamonds  are  as  diverse 
as  their  physical  character.  Quantitative  IR  analyses  indicate  the  diamonds  span  a  large 
range  of  aggregation  states  from  >95%  (i.e.  dominantly  type  IaB  diamond)  to  <0.5%  (i.e. 
pure  type  IaA)  and  a  range  of  nitrogen  concentrations  from  -25  to  1600  atomic  ppm  with 
most  diamonds  having  N  contents  in  the  400  to  800  atomic  ppm  range.  On  a  nitrogen 
aggregation  plot  for  the  mm-sized  diamonds  (Fig.  1),  three  broad  groups  can  be  identified 
based  on  aggregation  state  and  platelet  peak  position  (related  to  platelet  size).  These  are  (i) 
a  high  temperature  group  with  nitrogen  aggregation  temperatures  T(NA)  >  1 100°C, 
normal  platelets  (<1370  cm-1),  and  a  dominance  of  brown  to  pale  brown  colours  arising 
from  plastic  deformation;  (ii)  a  low  temperature  group  with  T(NA)  <  1 100°C,  unusually 
small  platelets  (>1371  cm-1),  and  a  dominance  of  colourless  to  pale  pink  colours;  and  (iii) 
a  group  of  pure  IaA  stones  including  coated  diamonds  and  cuboid/dendritic  forms.  Type  II 
(i.e.  nitrogen-free)  diamonds  are  comparatively  rare.  Under  CL,  the  polished  diamond 
plates  show  multistage  growth  histories  with  at  least  three  growth  stages  represented  in 
some  specimens.  The  high  T(NA)  diamonds  are  characterized  by  plastically  deformed 
cores  and  younger  overgrowths  with  differences  in  T(NA)  values  between  core  and  rim  of 
>100°C.  In  the  low  T(NA)  diamond  plate  B 15  (Fig.  2),  an  oval  “seed”  diamond  of  cuboid 
growth  form  with  pink  CL  colours  and  high  hydrogen  occurs  in  the  growth  centre,  but  not 
the  geometric  centre,  of  the  specimen.  It  is  surrounded  by  a  zone  of  low  nitrogen  diamond 
with  no  CL  response  and  this  is  overgrown  by  octahedral  zones  with  more  usual  blue  CL 
colour.  T(NA)  values  vary  from  ~1095°C  in  the  core  region  to  ~1071°C  in  the  outer  rim 
assuming  a  Proterozoic  mantle  residence  time  (tMR  -2  Ga). 

Discussion:  The  Point  Lake  pipe  has  sampled  a  number  of  different  diamond 
populations  having  various  formation  ages  and  depths  of  origin  within  the  lithosphere. 
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The  plastically  deformed  cores  to  the  high  T(NA)  diamonds  presumably  represent  an  old 
Archean  diamond  growth  event.  Some  of  the  later  diamond  growth  periods  may  correlate 
with  magmatic  events  that  affected  the  Slave  Province  during  the  Proterozoic.  The  last 
diamond  growth  event  resulted  in  pure  type  IaA  diamonds  including  coated  stones.  If 
these  diamonds  grew  under  relatively  low  T  conditions  at  ~1050°C,  near  the  top  of  the 
diamondiferous  lithosphere,  then  their  nitrogen  aggregation  characteristics  constrain  their 
formation  age  to  between  10  and  200  Ma  before  kimberlite  eruption. 
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GROWTH  HISTORY  OF  AN  ECLOGITIC  DIAMOND  FROM  THE  KAAL  VALLEI 
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Introduction:  A  (100)  polished  section  was  prepared  through  an  octahedral 
diamond  (KV2A)  extracted  from  an  eclogite  xenolith  from  the  Kaal  Vallei  kimberlite. 
South  Africa.  The  internal  structure  of  the  diamond  was  examined  by  cathodolumin- 
escence  at  low  and  high  resolutions.  The  diamond  plate  was  mapped  for  hydrogen  and 
nitrogen  using  a  infrared  (IR)  microscope  and  several  IR  traverses  across  the  specimen 
were  undertaken.  An  ion  microprobe  carbon  isotope  study  is  currently  in  progress. 

Cathodoluminescence  Results:  The  diamond  has  a  complex  internal  structure 
that  may  be  roughly  divided  into  four  zones  (Fig.  1).  Located  in  the  growth  centre  of  the 
crystal  is  a  small  -100  pim  diameter  “seed”  diamond.  It  has  a  curious  structure  comprising 
deep  tetragonal  and  trigonal  etch  features  now  apparently  infilled  with  later  diamond.  The 
external  shape  of  the  seed  is  consistent  with  a  resorbed  and  etched  microdiamond  which 
acted  as  the  nucleus  for  growth  of  later  diamond.  An  inner  core  region  surrounds  the  seed 
and  comprises  a  set  of  nested  octahedra  that  represent  a  period  of  regular  octahedral 
growth.  This  growth  period  ends  in  a  phase  of  platy  growth  which  was  followed  by  a 
period  of  cuboid  growth  in  the  outer  core  which  lacked  strong  crystallographic  control. 

The  cuboid  growth  is  characterized  by  fine  oscillatory  zonation,  and  development  of 
curious  tubercular  structures  and  mismatch  features  that  seem  to  have  developed  around 
original  surface  imperfections.  Towards  the  end  of  this  growth  period  the  cuboid  zones 
were  selectively  resorbed  and  truncated,  particularly  on  the  comers,  where  deep  etch  pits 
developed.  This  was  followed  by  a  further  thin  layer  of  oscillatory  growth  which  infilled 
some  etch  pits.  The  final  growth  periods  were  of  regular  octahedral  diamond  and  added 
the  inner  and  outer  rims.  Minor  late  stage  etching  resulted  in  truncation  of  comers, 
development  of  surface  pits,  and  growth  of  graphite. 

Infrared  Results:  Results  of  mapping  the  hydrogen  defect  peak  (3107  cm-1) 
show  that  the  inner  core  is  enriched  in  hydrogen  distributed  in  the  form  of  a  central-cross 
structure.  Nitrogen  varies  from  -1400  atomic  ppm  in  the  core  to  -500  atomic  ppm  in  the  . 
outer  rim  (Fig.  2).  There  is  a  significant  drop  in  nitrogen  concentration  across  the  inner 
core-outer  core  boundary  where  the  growth  mechanism  changes  from  octahedral  to 
cuboid.  The  aggregation  state  of  nitrogen  defects  varies  smoothly  from  about  50-55%  in 
the  inner  core  to  -20%  in  the  inner  rim,  and  there  is  a  jump  to  about  5-10%  aggregation  in 
the  outer  rim.  On  a  total  nitrogen  versus  aggregation  state  plot,  the  spectral  data  from  the 
growth  zones  define  a  mixing  line  rather  than  a  set  of  discrete  isotherms  suggesting  that 
most  of  the  diamond  grew  over  a  relatively  continuous  period  without  a  significant  hiatus. 
Assuming  an  Archean  age  for  the  diamond  (residence  time  of  2.7  Ga),  aggregation 
temperatures  vary  from  1 1 10°C  in  the  inner  core,  through  1 107-1 102°C  in  the  outer  core 
and  inner  rim,  to  -1056°C  in  the  outer  rim.  Platelet  indices  (see  Taylor  and  Milledge, 

1995)  increase  from  core  to  rim  indicating  growth  occurred  in  a  regime  of  falling  T. 
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Discussion:  A  simple,  though  non-unique,  thermal  model  can  be  devised  to 
explain  the  growth  and  thermal  history  of  diamond  KV2A  using  constraints  provided  by 
the  nitrogen  aggregation  data.  Assume  the  host  eclogite  was  intruded  at  2.7  Ga  as  a 
~1500°C  melt  into  the  cratonic  lithosphere  at  ~5  GPa  and  this  melt  crystallized  as  a  10km 
thick  eclogite  “sill”.  Assume  further  that  the  diamond  began  to  crystallize  from  an  initial 
nucleus  during  the  latter  stages  of  crystallization  and  cooling  of  this  eclogite  body  and  that 
the  eclogite  eventually  cooled  to  the  ambient  cratonic  geotherm.  Under  such  conditions 
using  standard  thermal  equations  for  cooling  of  an  igneous  body  (e.g  Spear,  1993,  p.44), 
the  inner  core  of  the  diamond  would  have  grown  at  2.65Ga,  1 184°C  and  inner  rim  would 
have  completed  growth  70Ma  later  at  1 154°C.  The  cuboid  outer  core,  developed  at  an 
intermediate  stage,  may  have  been  a  consequence  of  the  temperature  reduction  combined 
with  an  increase  in  the  amount  of  carbon  available,  and/pr  conditions  under  which  growth 
on  octahedral  faces  was  “poisoned”  by  influx  of  some  trace  component.  In  this  model,  the 
outer  rim  would  have  grown  much  later  during  the  Proterozoic  at  ~  1.6  Ga  and  a  final 
heating  event  late  in  the  history  of  the  eclogite  body  (at  <200  Ma)  is  required  to  explain 
the  appearance  of  graphite.  A  final  heating  is  consistent  with  high  observed  xenolith 
temperatures  (~1 120°C)  and  the  fact  that  the  eclogite  was  completely  isotopically  re¬ 
equilibrated  during  the  Cretaceous. 


FIG  1  PLATE  KV2A  |  -  . — l 
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NITROGEN  AGGREGATION  CHARACTER,  THERMAL  HISTORY,  AND  STABLE 
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Introduction:  Diamonds  were  extracted  from  eclogite,  Iherzolite  and  harzburgite 
xenoliths  (some  with  known  ages)  from  the  Roberts  Victor  (5  xenoliths)  and  Finsch  (1 
xenolith)  kimberlites.  They  have  been  investigated  by  infrared  (IR)  spectroscopy  and  stable 
isotope  mass  spectrometry  in  order  to  characterize  their  growth  and  thermal  history  in  the 
upper  mantle.  The  most  significant  aspect  of  comparative  studies  of  xenolith-derived 
diamonds  is  the  knowledge  that  the  group  experienced  the  same  mantle  history  if  the 
diamonds  nucleated  at  the  same  time  or  an  appropriate  subset  of  it  if  they  nucleated  at  a  later 
time.  This  makes  genuine  dendrochronology  possible  with  such  a  group. 

Methods:  Infrared  (IR)  spectra  were  obtained  from  120/<m  regions  of  several 
diamonds,  where  possible,  from  each  xenolith  using  an  IR  microscope.  The  spectral  data  was 
processed  to  yield  quantitative  data  on  nitrogen  content  and  aggregation  state.  Opposite  faces 
were  polished  on  some  diamonds  to  reveal  internal  structure  by  cathodoluminescence.  Carbon 
and  nitrogen  isotope  measurements  were  made  on  pieces  broken  from  the  diamonds  by 
D.Shelkov  at  the  Planetary  Science  Unit,  Open  University,  courtesy  of  Prof.  C.T.  Pillinger. 

Results:  Total  nitrogen  contents  and  aggregation  states  are  plotted  in  Fig.  1  and 
nitrogen  aggregation  temperatures  T(NA)  and  platelet  indices  (PI)  (see  Mendelssohn  and 
Milledge,  1995)  are  given  in  Table  1.  Diamonds  from  the  eclogite,  both  lherzolites  and  one  of 
the  harzburgites  show  significant  differences  in  aggregation  state  and  nitrogen  content 
between  cores  and  rims  due  to  growth  zonation.  For  some  specimens  (e.g.  RV 167)  the 
nitrogen  aggregation  data  fall  on  well  defined  isotherms  but  in  other  specimens  either  core 
and  rim  mixing  lines  are  apparent  (FRB866)  or  zonation  is  very  complex  involving  a  number 
of  different  zones  (RV  161).  In  the  specimens  showing  zonation,  T(NA)  values  decrease  by  7 
-  25°C  and  PI  values  increase  from  core  to  rim.  Such  variation  is  consistent  with  core  to  rim 
growth  and  aggregation  under  conditions  of  falling  temperature.  Thermal  models  suggest  core 
to  rim  growth  occurred  over  a  period  of  100  Ma  or  less.  The  harzburgitic  diamonds  that  show 
no  zonation  have  T(NA)  <1 100°C  and  are  either  type  IaA  specimens  or  are  type  IaAB  with 
high  PI  values  consistent  with  long-term  residence  in  the  lithosphere  under  cool  conditions. 

Xenolith  temperatures  are  in  all  cases  lower  than  core  T(NA)  values,  and  with  the 
exception  of  eclogite  RV  124,  are  also  lower  than  rim  T(NA)  values.  This  suggests  that  the 
diamonds  formed  under  higher  temperature  conditions  than  indicated  by  the  prevailing 
geotherm  at  the  time  of  xenolith  sampling.  In  the  case  of  the  Iherzolitic  diamonds,  the 
temperature  difference  is  ~100°C  suggesting  they  grew  and  evolved  during  a  period  of 
significant  thermal  perturbation  of  the  lithosphere.  The  relatively  high  xenolith  temperature  of 
eclogite  RV  124  suggests  that  it  may  have  been  heated  at  a  late  stage  in  its  history.  This  is 
consistent  with  the  presence  of  graphite  in  some  parts  of  the  xenolith  which  imply  P,T 
conditions  near  the  diamond-graphite  transition  and  an  elevated  local  geotherm  (>40mWm-2). 

The  6t3C  composition  of  all  the  diamonds  fall  within  the  -7  to  -3  %o  range  typical  of 
most  mantle  deqved  diamonds  and  variations  within  diamonds  from  the  same  xenoliths  are 
generally  <1  %o.  6*5N  compositions  are  more  variable.  In  the  eclogite,  615N  varies  from 
slightly  positive  values  in  the  diamond  cores  to  typical  mantle  values  of  ~-5 %o  in  the  rims, 
there  is  a  sympathetic  increase  in  613C  from  core  to  rim.  In  the  peridotites  the  615N  signature 
is  mostly  compatible  with  a  mantle  nitrogen  reservoir  (-3  to  -5 %o)  although  in  some  RV  180 
low-N  diamonds  the  615N  signature  is  close  to  0%c.  Except  for  RV  167,  nitrogen  contents 
measured  by  mass  spectrometry  are  in  good  agreement  with  the  IR  spectroscopic  results. 

Discussion:  Diamonds  from  both  peri doti tic  and  eclogitic  parageneses  may  show 
multistage  growth  histories.  For  the  diamonds  studied,  such  growth  appears  to  have  occurred 
under  conditions  of  falling  temperature  perhaps  coinciding  with  periods  of  thermal 
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perturbation  of  the  lithosphere.  Our  data  for  the  lherzolitic  diamonds  is  compatible  with  the 
suggestion  of  Richardson  et  al.  (1993)  of  a  link  between  lherzolitic  diamond  formation  and 
craton-scale  Bushveld  magmatism.  The  carbon  and  nitrogen  isotopic  composition  of  the 
diamonds  are  generally  compatible  with  a  mantle  source  for  these  components  (Boyd  and 
Pillinger,  1994),  however,  it  appears  that  heavy  nitrogen  was  ?jocally  scavenged  during  the 
early  stages  of  growth  of  the  eclogitic  diamonds. 

Acknowledgements:  Dorrit  Jacob  (Gottingen  University),  Fanus  Vijoen  (DRL, 
Johannesburg),  and  Graham  Pearson  (Durham  University)  kindly  supplied  diamond  samples 
from  RV124,  the  RV  peridotites,  and  FRB866,  respectively. 


FIG.  1  Nitrogen  aggregation  plot  for  diamonds  from  peridotite  and 

eclogite  xenoliths:  Roberts  Victor  (RV)  and  Finsch  (FRB) 


m  □ 

RV1 67  CORE,  RIM  (LHZ) 

x  RV161  (LHZ) 

•  o 

FRB866  CORE,  RIM  (HRZ) 

▼  RV1 80  (HRZ) 

♦ 

RV175  (HRZ) 

a  a  RV1 24  CORE,  RIM  (ECL) 

Shaded  envelopes  show  T(NA)  values  for  t(MR)  ranging  between  1 .0  and 
3.0  Ga.  Data  points  not  affected  by  mixing  plot  parallel  to  T(NA)  isotherms. 
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TABLE  1 

A.  Specimen  details 


Sample 

No. 

Xenolith 

Type 

Diamond 

Form/Col. 

Age  Est. 
(Ga) 

T  xenolith 
(°C) 

Therm¬ 

ometer 

Ref. 

RV124 

ECL 

octa(agg) 

CL,PB 

2.7# 

1097 

gnt-cpx 

JJ94 

RV161 

LHZ 

made 

PB 

1.9-2.0T 

1 071 ±31 

Ni-gnt 

V94 

RV167 

LHZ 

octa(sc) 

CL 

1.9-2.0t 

91 3±33 

1016 

Ni-gnt 

gnt-cpx 

V94 

RV175 

HRZ 

pca(rou) 
PB,  GY 

3.0-3.2t 

996±19 

1 024§ 

Ni-gnt 

olv-sp 

V94 

RV180 

HRZ 

octa(agg) 

CL.PB 

3.0-3.2t 

9-66§ 

olv-sp 

V94 

FRB866 

HRZ 

octa(sc) 

CL.PB 

2.9* 

1102 

olv-gnt 

JJ94:  Jacob  &  Jagoutz  (1994),  V94:  Viljoen  et  al.  (1 994) 
octa(agg,  sc)  =  octahedral  aggregate  (agg)  or  single  crystal  (sc); 
pca(rou)  *=  polycrystalline  aggregate  (rounded);  CL  =  colourless; 
PB  =  pale  brown;  GY  =  grey  (due  to  fine  graphite  inclusions). 
#Sm-Nd  model  age;  *  Re-Os  depletion  age  (D.G.  Pearson) 
t  estimated  from  Richardson  et  al.  (1993) 

§  calculated  assuming  Fo93  olivine 


C.  Carbon  and  nitrogen  isotopic  composition 


No.  Of 
points 

Nitrogen 

(at.ppm) 

lo 

Av.  315N 

(%o) 

lo 

AV.313C 

(%o) 

lo 

2 

C 

1893 

95 

+  1.1 

3.1 

<T> 

CO 

0.7 

3 

C 

1393 

294 

+0.3 

0.6 

-5.4 

0.1 

4 

R 

745 

163 

-4.7 

0.9 

-5.2 

0.7 

1 

U 

216 

- 

-5.6 

- 

-6.2 

- 

1 

R 

1089 

- 

[NJ 

bo 

- 

-5.0 

- 

3 

U 

170 

15 

-4.7 

0.3 

-5.0 

0.9 

2 

u 

355 

39 

-5.7 

2.3 

-4.7 

0.4 

3 

u 

80 

14 

+0.1 

0.5 

-4.9 

0.3 

1 

u 

476 

-3.0 

-4.3 

Typical  precisions:  Nitrogen  ±6%  relative 


915N±1.4%o 
-913C  <0.1%o 

C  =  core 
R  =  rim 

U  =  undifferentiated 


B.  IR  spectroscopic  results  (nitrogen  aggregation  characteristics) 


Sample 

No.  of 

Pos¬ 

Spectral 

Platelet 

lo 

tMR 

T(NA) 

lo 

Nitrogen  range 

No. 

spectra 

ition 

type 

Index  (PI) 

(Ga) 

CO 

(atomic  ppm) 

RV124 

21 

core 

laAB 

27 

3 

2.6 

1117 

1 

1026-  2317 

13 

rim 

laAB 

29 

4 

2.6 

1092 

3 

624  -  984 

RV161 

2 

core 

laAB 

12 

6 

1.85 

1166 

1 

76-121 

11 

rim 

laAB 

22 

5 

1.85 

1147 

9 

81-228 

RV167 

8 

core 

laAB 

19 

2 

1.85 

1110 

1 

1521  -  1960 

3 

rim 

laAB 

25 

2 

1.85 

1099 

1 

1373  -  1562 

RV175 

7 

laA 

- 

3.0 

1036 

2 

103  -  379 

RV180 

11 

- 

laAB 

36 

6 

3.0 

1083 

1 

99  -  930 

FRB866 

5 

core 

laAB 

30 

1 

2.8 

1116 

2 

502  -  557 

3 

rim 

laAB 

33 

1 

2.8 

1109 

1 

445  -  477 

Platelet  Index  (PI)  =  l(B')/[//T(1 282).x(B)] 

PI  is  based  on  the  integrated  area  of  the  platelet 

peak  normalized  to  be  independent  of  aggregation 
state  and  nitrogen  content.  PI  is  an  indicator  of 
the  T  conditions  that  prevailed  at  the  time  when 

most  aggregation  took  place.  Pl>35  indicates 
T<1 1 00°C,  PI  35-25  indicates  T  ~1 1 00- 
1 1  50°C,  PI  25-1 0  indicates  T-1 1  50-1  200°C 
and  PI  <10  indicates  T>1 200°C  and/or 
siginificant  plastic  deformation. 

tMR  =  mantle  residence  time  of  the  diamond  in 
the  lithosphere  from  its  time  of  growth  until 
the  time  of  eruption. 

T(NA)  =  nitrogen  aggregation  temperature  = 
time-averaged  temperature  reflecting  the 
cumulative  upper  mantle  thermal  history  of  a 
diamond. 
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CHARACTERISTICS  OF  MICRODIAMONDS  FROM  ULTRAMAFIC  MASSIFS  IN 
TIBET:  AUTHENTIC  OPHIOLITIC  DIAMONDS  OR  CONTAMINATION? 


W.R.  Taylor!1’2),  H.J.  Milledge!1),  B.J.  Griffin®,  RH.  Nixon®,  M.  Kamperman®  and 
D.P.  Mattey® 
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(3)  Centre  for  Microscopy  and  Microanalysis,  University  of  Western  Australia,  Nedlands,  WA  6009,  Australia. 

(4)  Dept  of  Earth  Sciences,  Leeds  University,  Leeds  LS2  9JT,  U.K. 

(5)  Geology  Dept,  University  of  Tasmania,  GPO  Box  252C,  Hobart,  Tasmania  7001,  Australia. 

(6)  Dept  of  Geology,  Royal  Holloway  College,  University  of  London,  Egham  TW20  0EX,  U.K. 

Introduction:  Microdiamonds  and  some  other  highly  reduced  minerals  such  as 
moissanite  (a-SiC),  Ni-Fe  alloys,  platinoid  metals,  and  Cr2+‘-bearing  chromites  have  been 
reported  from  heavy  mineral  concentrates  derived  from  the  Donqaio  and  Luobusa 
ultramafic  massifs  in  Tibet  (Bai  et  al.,  1993).  Bai  et  al.’s  hypothesis  is  that  the  diamonds 
formed  by  high  pressure  metamorphism  and  reduction  of  subducted  oceanic  crust  which 
was  subsequently  rapidly  emplaced  into  the  crust  under  relatively  cool  conditions  such 
that  the  diamonds  were  preserved.  In  order  to  evaluate  the  authenticity  of  these  diamond 
occurrences  and  the  validity  of  the  hypothesis,  a  total  of  12  microdiamonds  from  the 
Luobusa  massif  and  16  microdiamonds  from  the  Donqaio  massif  were  examined  in  this 
study  using  various  techniques  including  infrared  (IR)  microspectroscopy.  In  addition, 
inclusions  were  analysed  from  a  Donqaio  diamond  and  the  oxygen  stoichiometry  of 
chromite  grains  were  investigated  by  electron  microprobe  analysis.  Carbon  isotope 
analyses  of  the  microdiamonds  are  in  progress. 

Physical  properties:  Diamond  samples  from  Luobusa  comprise  broken  fragments 
of  colourless  diamond  ranging  in  size  from  400  pi m  to  180  pim.  Original  surface 
characteristics  (including  grooves  and  frosting)  are  preserved  on  the  faces  of  some 
diamonds  suggesting  the  fragments  were  derived  from  resorbed  stones  probably  of 
original  dodecahedral  or  rounded  morphology.  The  Donqaio  microdiamonds  differ 
considerably  from  the  Luobusa  specimens  examined  here.  They  consist  of  yellow-green  to 
pale  yellow  and  almost  colourless,  sharp-edged  cubo-octahedra  and  octahedra  of  225  pim 
to  70  pim  size.  The  cubo-octahedra  resemble  quite  closely  synthetic  type  lb  diamonds 
although  octahedra  are  not  common  in  synthetic  tool  stones.  Some  of  the  cubo-octahedra 
contain  dark  inclusions  and  one  specimen  was  an  intergrowth  of  two  cubo-octahedral 
crystals.  The  faces  of  some  stones  show  fine  pitting  and  many  of  the  stones  have  broken 
comers  that  possibly  are  the  result  of  mechanical  damage  occurring  during  sample 
recovery,  but  such  damage  is  also  common  on  diamonds  broken  from  drill  bits.  Because 
of  similarities  between  the  Donqaio  microdiamonds  and  synthetic  stones,  a  collection  of 
synthetic  diamonds  of  Chinese  manufacture  were  examined  for  comparison.  The  Chinese 
synthetics  contained  a  wider  variety  of  morphologies  than  are  found  in  batches  obtained 
from  other  sources,  and  in  particular  contained  a  number  of  pale,  sharp-edged  octahedra 
similar  to  some  Donqaio  microdiamonds.  In  fact  all  the  morphological  and  colour  types 
seen  in  the  Donqaio  microdiamonds  could  be  recovered  from  the  Chinese  synthetics. 

IR  spectra:  IR  spectra  indicate  the  Luobusa  fragments  examined  here  are  type 
IaAB  natural  diamonds.  They  were  probably  derived  from  several  diamonds  that  had 
slightly  different  thermal  histories.  Total  nitrogen  contents  range  from  ~20  atomic  ppm  up 
to  ~700  atomic  ppm  and  aggregation  states  are  high,  up  to  80%.  These  aggregation  states 
are  too  high  for  diamonds  thought  to  have  had  only  a  short  mantle  residence  time  in  cool 
subducted  oceanic  crust,  but  are  similar  to  many  diamonds  from  kimberlite  sources  that 
have  had  long-term  histories  in  the  mantle  at  temperatures  >1 150°C.  IR  spectra  of  the 
Donqaio  microdiamonds  indicate  they  are  essentially  type  lb  stones  with  a  small  amount 
of  nitrogen  in  the  IaA  form  and  low  nitrogen  contents  in  the  range  80-250  atomic  ppm.  No 
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hydogen  defect  peaks  at  3107  gm-1,  which  would  have  indicated  a  natural  origin,  were 
found.  These  spectral  characteristics  are  similar  to  synthetic  diamonds,  including  those  of 
Chinese  manufacture,  and  are  unlike  most  natural  Ib-IaA  diamonds  which  have  higher 
nitrogen  contents  and  contain  hydrogen  defects. 

Inclusions:  One  of  the  larger  Donqaio  microdiamonds  (WCDA2),  containing  dark 
inclusions,  was  sectioned  and  the  inclusions  analysed  by  energy  dispersive  microprobe 
analysis.  The  inclusions  were  found  to  be  Fe-Ni  alloys  with  Fe:Ni  in  the  ratio  of  about  3:1. 
They  are  of  similar  composition  to  the  metal  inclusions  (usually  Fe-Ni  and  Fe-Ni-Co 
alloys)  found  in  synthetic  diamonds. 

Chromite  Analyses:  Over  200  chromite  grains  from  chromitites  and  peridotites 
were  analysed  with  a  Cameca  SX-50  microprobe  analyser.  Some  grains  were  selected  for 
oxygen  analysis  in  order  to  verify  the  presence  of  Cr2+  as  inferred  by  Bai  et  al.  (1993) 
from  Mossbauer  studies.  The  chromites  were  found  to  be  relatively  uniform  in 
composition  with  mostly  2.5  to  3.5wt%  Fe203  calculated  on  the  basis  of  stoichiometry  . 
Oxygen  analyses  indicate  the  chromites  are  stoichiometric  within  the  analysed  wt%  Fe203 
range,  and  there  is  no  evidence  for  the  presence  of  Cr2+. 

Conclusions:  Green  and  yellow-green  cubo-octahedral  and  octahedral  micro¬ 
diamonds  from  the  Donqaio  massif  examined  in  this  study,  and  similar  stones  reported 
from  the  Luobusa  massif  by  Bai  et  al.  (1993),  are  consistent  with  synthetic  contamination 
introduced  at  some  stage  during  the  sampling  or  concentration  of  heavy  minerals  from 
these  ultramafic  bodies.  A  remote  possibility  is  that  the  microdiamonds  were  formed  by  a 
natural -process-analogue  of  the  synthetic  process,  but  this  would  require  contact  between 
graphite  and  Fe-Ni  alloys  at  high  pressures  (>5.5  GPa)  and  temperatures  (>1450°C)  for  a 
short  duratiori  (a  matter  of  a  few  hours  at  peak  temperature  because  of  the  low  aggregation 
state  of  the  diamonds).  Although  Fe-Ni  alloys  have  been  reported  from  the  Tibetan 
ultramafic  massifs  (and  other  ultramafic  bodies  worldwide),  such  alloys  are  formed  during 
low-pressure  serpentinization  reactions  and  it  is  therefore  difficult  to  see  how  they  could 
come  into  contact  with  graphite  at  high  P,T. 

On  the  other  hand,  the  colourless  Luobusa  microdiamond  fragments  examined 
here  are  derived  from  genuine  natural  diamonds.  However,  the  high  aggregation  state  of 
these  diamonds  is  inconsistent  with  their  formation  in  “cool”  subducted  oceanic  crust.  It  is 
likely  that  they  are  contaminants  derived  from  a  more  conventional  diamond  source. 
Because  sedimentary  rocks  and  alluvial  material  were  evidently  put  through  the  heavy 
mineral  concentration  plant  in  addition  to  ultramafic  rocks,  these  diamonds  could  be 
derived  from  recent  alluvium  or  perhaps  from  an  unrecognised  tectonic  slice  of 
Precam bri an  sedimentary  rock  containing  diamonds  reworked  from  an  ancient  kimberlite. 
Diamonds  having  such  a  source  are  known  from  northern  Burma  and  there  are  probably 
similar  occurrences  in  other  parts  of  the  India-Eurasia  collisional  zone. 

The  low  inferred  primary  oxidation  state  of  the  Tibetan  ophiolites  has  not  been 
confirmed  in  this  study.  The  presence  of  some  reduced  phases  is  probably  related  to  low 
nressure  serpentinization  reactions. 

In  conclusion,  none  of  the  microdiamonds  from  the  Tibetan  ultramafic  massifs 
have  yet  been  proved  to  be  genuine  examples  of  ophiolitic  diamond.  Further  sampling  of 
these  bodies,  under  controlled  conditions,  will  be  required  to  confirm  the  presence  of 
diamond. 
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TRACE-ELEMENT  CHEMISTRY  OF  ECLOGITIC  INCLUSIONS  IN 
DIAMOND  AND  COMPARISONS  WITH  HOST  ECLOGITE,  MIR 

KIMBERLITE,  RUSSIA 
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We  report  the  first  ion-probe  trace-element  analyses  of  coexisting  eclogitic  inclusions  (both  garnet 
and  clinopyroxene)  in  a  diamond  and  compare  these  to  the  trace-element  chemistry  of  garnet  and 
clinopyroxene  in  the  host  eclogite.  The  sample  studied,  M-46,  is  from  the  Mir  kimberlite  pipe,  Siberia, 
Russia.  In  contrast  to  the  trace-element  analyses  for  separate  garnet  and  clinopyroxene  inclusions  from 
two  separate  diamonds  from  the  Udachnaya  pipe,  Siberia  (Ireland  et  al.,  1994),  our  garnet-clinopyroxene 
pairs  show  evidence  that  the  host  eclogite  is  more  large-ion  lithophile  element  (LILE)-depleted  and 
HREE-enriched  than  the  corresponding  inclusions  in  diamond.  We  attribute  this  LILE-depletion  in  the 
host  to  subsequent  melting  of  the  host  after  diamond  formation.  It  would  appear  that  the  alarm  sounded 
for  a  re-evaluation  of  geochemical  models  for  Siberian  eclogites  (e.g.,  Ireland  et  al.,  1994)  is 
unwarranted  at  this  time. 

Introduction  —  Debate  continues  on  the  relationship  of  diamonds  to  their  hosts,  whether  they  be  from 
kimberlite  or  from  mantle  xenoliths.  Some  say  that  the  diamonds  are  cogenetic  with  the  host  eclogite, 
others  indicate  that  they  must  pre-date  major  eclogite  formation,  and  still  others  argue  that  the  diamonds 
were  formed  after  eclogite  production.  Furthermore,  the  hosts  for  the  diamonds  could  have  been  affected 
by  later  kimberlitic  addition  or  metasomatic  alteration.  However,  inclusions  in  diamond  are  considered 
to  be  coeval  with  diamond  formation.  These  diamond  inclusions  are  isolated  from  later  mantle 
differentiation  and/or  kimberlitic  addition  and  metasomatism  and  provide  the  first  evidence  of  primary 
eclogite  composition  during  diamond  formation.  Therefore,  diamond  inclusions  contain  invaluable  data 
for  modelling  geochemical  processes  during  the  earliest  periods  of  evolution  of  the  Earth. 

In  1971,  A.I.  Botkunov  and  N.V.  Sobolev  found  the  first  large  inclusions  of  both  garnet  and 
clinopyroxene  in  a  diamond  crystal,  weighing  0.3  carats,  from  a  diamond-bearing  eclogite  from  the  Mir 
kimberlite,  Siberia  (M-46).  These  inclusions 
of  garnet  and  clinopyroxene  do  not  exceed 
0.1  to  0.3  mm  in  longest  dimension 
(Sobolev,  1977).  Sobolev  et  al.  (1972) 
reported  electron  microprobe  analyses  of  the 
minerals  both  from  the  diamond  and  the  host 
eclogite.  With  the  recent  advent  and 
perfection  of  ion  microprobe  techniques,  we 
are  able  to  analyze  trace-elements  in  such 
tiny  inclusions.  Ireland  et  al.  (1994)  reported 
ion  probe-trace-element  analyses  of  a  single 
garnet  inclusion  in  one  diamond  in  an 
eclogite  and  a  single  clinopyroxene  inclusion 
in  a  diamond  from  another  eclogite,  both 
from  the  Udachnaya  kimberlite  pipe,  Siberia. 

However,  trace-element  data  for  eclogitic 
garnet-clinopyroxene  pairs  from  a  single 
diamond  hosted  by  an  eclogite  have  never 


Table  1:  Major-Element  Composition  of  Host  Rock  and 
Diamond  Inclusions  of  M46  eclogite 


Garnet  (12) 
Host 

Garnet  (7) 
Inclusion 

Cpx  (12) 

Host 

Cpx  (10) 
Inclusion 

Si02 

39.4  (2) 

39.0  (2) 

55.7  (2) 

55.8  (2) 

Ti02 

0.47  (2) 

0.34(1) 

0.52  (6) 

0.46  (3) 

ai2o3 

21.6(1) 

21.8(1) 

10.0(1) 

10.0(1) 

Cr203 

0.05  (2) 

0.05(1) 

0.05  (2) 

0.05  (2) 

FeO 

19.5  (2) 

20.9(1) 

4.62  (8) 

5.10(7) 

MnO 

0.41  (2) 

0.44  (3) 

0.06  (2) 

0.03  (1) 

MgO 

9.61  (7) 

8.67  (8) 

8.97  (9) 

8.67  (7) 

CaO 

8.34  (5) 

8.18(6) 

13.1(1) 

13.2(1) 

NazO 

0.17(1) 

0.12(1) 

6.41  (8) 

6.06  (5) 

k2o 

n/a 

n/a 

0.09  (2) 

0.31  (2) 

Total 

99.6 

99.5 

99.5 

99.7 

Mg# 

46.9 

42.5 

77.7 

75.0 
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been  reported.  Now,  more  than  twenty  years  after  their  discovery,  we  report  the  first  trace-element 
analyses  of  these  gamefclinopyroxene  pairs  from  a  Mir  diamond  and  compare  them  to  the  chemistry  of 
the  host  eclogite. 

Petrography  and  Major-Element  Chemistry  —  The 

inclusions  of  garnet  and  clinopyroxene  in  diamond  display 
octahedral  habits,  a  reflection  of  the  confining  diamond 
morphology.  The  major-element  chemical  compositions  of 
the  inclusions  in  the  diamond  from  M-46  (Table  1)  are 
roughly  similar  to  the  corresponding  minerals  in  the  host 
eclogite,  yielding  evidence  that  the  diamond  was  formed  in 
situ  approximately  at  the  time  of  eclogite  formation. 
However,  there  are  subtle  differences  in  the  major-element 
chemistry  which  are  consistent  with  later  processing  of  the 
eclogite  host.  For  both  garnet  and  clinopyroxene,  the 
diamond  inclusions  are  more  enriched  in  FeO  and  depleted 
in  MgO  relative  to  the  host  eclogite.  For  clinopyroxene, 
the  diamond  inclusion  is  enriched  by  a  factor  of  3  in  K20. 
These  results  are  essentially  the  same  as  reported  by 
Sobolev  et  al.  (1972). 

Ion  Probe  Trace-Element  Chemistry  --  Ion  microprobe 
analyses  of  the  inclusions  and  host  minerals  were 
performed  in  the  facilities  at  Washington  University.  Both 
garnet  and  clinopyroxene  inclusions  in  diamond  are  more 
enriched  in  the  LREE  than  the  corresponding  minerals  in 
the  host  eclogite  (Figure  1).  The  MREE  and  HREE  for 
both  host  and  inclusion  clinopyroxene  are,  within  analytical 
uncertainty,  indistinguishable.  However,  the  HREE  for  the 
garnet  inclusion  are  depleted  by  a  factor  of  2-3  over  that  in 
the  host. 

We  have  calculated  plausible  eclogite  whole-rock 
compositions  for  gamet-clinopyroxene  assemblages  in  both 
the  diamond  inclusions  and  the  host  rock  by  using  sub- 
and 
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La  Pr  Eu  Tb  Ho  Tm  Lu 

Ce  Nd  Sm  Gd  Dy  Er  Yb 
modal  abundances  of  garnet 
clinopyroxene.  Trace-element  abundances, 
relative  to  primitive  mantle  (Sun  and 
McDonough,  1989),  of  these  reconstructed 
whole-rocks  are  shown  in  Figure  2.  As  can  be 
seen,  the  elements  to  the  right  of  Pr  are 
progressively  more  depleted  (with  increasing 
compatibility,  from  left  to  right)  in  the  eclogitic 
inclusions  as  compared  to  the  eclogite  host  rock. 
The  elements  to  the  left  of  Pr  are  more  enriched 
in  the  diamond  inclusions  than  the  those  in  the 
host  (with  the  exception  of  Ta). 

Discussion  —  As  originally  reported  by  Sobolev 
et  al.  (1972),  we  have  further  documented  that 
the  eclogitic  inclusions  in  the  M-46  diamond  are 
depleted  in  Mg  and  enriched  in  Fe  relative  to  the 
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host  eclogite.  However,  the  pattern  of  enrichment  and  depletion  of  trace-elements  in  the  diamond 
inclusions  relative  to  the  host  eclogite  are  exactly  the  opposite  of  the  patterns  found  by  Ireland  et  al. 
(1994)  for  single  garnet  and  clinopyroxene  inclusions  (not  both  minerals)  from  diamonds  in  Udachnaya 
eclogites.  They  found  that  the  separate  garnet  and  clinopyroxene  inclusions  in  diamonds  were  in 
bothcases  more  depleted  in  the  LILE  than  the  host  eclogite.  They  attributed  this  LILE  enrichment  in  the 
host  eclogite  to  “metasomatic  enrichment  of  the  eclogite  [host]  by  passing  melts.”  Based  upon  our  data 
presented  above,  we  cannot  concur  with  this  assessment.  In  fact,  our  data  suggest  that  the  host  Mir 
eclogite  underwent  a  depletion  event  after  diamond  formation.  This  depletion  event  could  be  due  to 
partial  melting,  leaving  behind  a  residue  more  depleted  in  incompatible  LILE.  Furthermore,  such  a 
model  is  consistent  with  that  presented  by  Snyder  et  al.  (1993)  who  postulate  an  early  LILE  enrichment 
of  the  eclogite,  followed  by  a  major  LILE  depletion  event.  This  depletion  event  could  have  been  caused 
by  tonalite  extraction  as  hypothesized  by  Ireland  et  al.  (1994).  However,  unlike  in  their  model,  it  is  the 
eclogite  host,  and  not  the  inclusions  in  diamond,  which  records  evidence  of  this  event. 

That  a  comparison  between  inclusions  in  diamond  and  the  host  eclogite  would  yield  such  disparate 
results  for  samples  from  the  Udachnaya  and  Mir  kimberlites  indicates  either  fundamental  differences  in 
the  histories  of  eclogites  from  these  pipes  or  extreme  variability  in  the  degree  of  metasomatism  from 
sample  to  sample,  even  within  the  same  pipe.  We  have  already  documented  the  unique  nature  ol 
Udachnaya  eclogites  (Sobolev,  1994;  Snyder  et  al.,  1995;  Snyder  et  al.,  1995)  as  compared  to  other 
Siberian  eclogites.  However,  we  have  also  shown  that  most  Udachnaya  eclogites  show  little  evidence  of 
kimberlitic  addition  and/or  metasomatism  (Sobolev,  1994;  Snyder  et  al.,  1995).  It  is  possible  that  the 
findings  of  Ireland  et  al.  (1994)  are  somewhat  atypical  and  may  not  be  representative  of  most  Siberian 
eclogites.  In  fact,  their  whole-rock  reconstructions  are  hampered  by  the  lack  of  coexisting  mineral  mates 
in  the  diamond  inclusions,  which  necessitated  the  introduction  of  certain  gross  assumptions.  Although 
we  appreciate  the  need  to  continually  re-evaluate  models  in  light  of  new  data,  the  warnings  and  call  for 
re-evaluation  of  geochemical  models  for  Siberian  eclogites  based  on  the  presentation  of  Ireland  et  al. 
(1994)  are  premature  at  best. 
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VOLATILE  COMPONENTS  IN  THE  UPPER  MANTLE 
(based  on  data  on  fluid  inclusion  studies) 

Tomilenko  A. A.,  Chepurov  A.I.,  Pal’yanov  Yu.N.,  Pokhilenko  L.N.,  Shebanin  A.P. 

United  Institute  of  Geology,  Geophysics  and  Mineralogy,  630090,  Novosibirsk-90, 
Universitetsky  pr.,  3,  Russia. 

Nowadays  the  composition  of  volatiles  and  their  role  in  deep-seated  processes  are  jud¬ 
ged  mainly  from  experimental  studies  in  the  region  of  high  pressures  [Kushiro  et  al.,1968; 
Boettcher  et  al.,1980;  Ryabehikov  et  al.,  1980,1982;  Falloon  et  al.,1989;  Eggler,1987;  Fedorov 
et  al.,  1991],  thermodynamic  calculations  [Taylor  et  al.,1989;  Fedorov  et  al., 1991, 1992]  and 
results  of  mass-spectrometer  and  chromatographic  studies  of  natural  diamonds  and  satellite- 
minerals  [Melton,  Giardini,  1974, 1981;  Roedder,  1984;  Bartoshinsky  et  al.,  1 987 ;  TaPnikova  et 
al.,  1991 ;  Pokhilenko  et  al.,  1994].  The  detection  of  fluid  inclusions  in  crystals  of  natural  and 
synthetic  diamond  and  satellite-minerals  of  diamond  and  their  investigation  by  non-destructive 
methods  of  analysis  allows  a  direct  information  to  be  obtained  on  the  composition  of  volatiles 
involved  in  mineral-forming  processes  under  the  upper  mantle  conditions  [Tomilenko,  Chu- 
pin,  1983;  Bakumenko  et  al.,  1 992;  Voznyak  et  al.,1992;  Chepurov  et  al.,1994;  Pal’yanov  et 
al.,  1994]. 

Series  of  monophase  fluid  inclusions  have  been  found  during  careful  optical  studies 
of  flatly  parallel  plates  made  from  diamond  crystals  from  the  placers  of  northeastern  Siberian 
Platform.  They  are  located  in  healed  cracks  which  are  not  exposed  on  the  crystal’s  surface. 
The  inclusions  are  flat  and  have  a  shape  of  isometric  plates  with  facet  elements,  mainly 
{111}.  They  are  colorless,  isotropic  in  polarized  light  and  behave  as  a  matrix,  given  birefrin¬ 
gence  exists  in  the  crystal.  Along  with  fluid  inclusions  the  cracks  contain  graphite.  Cryo- 
metric  and  Raman- spectroscopic  investigations  showed  that  all  inclusions  in  terms  of  their 
composition  may  be  divided  into  three  types:  carbon  dioxide-nitrogen-hydrocarbonie  (?)  (type 
I),  carbon  dioxide-nitrogen  (type  II)  and  hydrocarbonic  (?)  (type  III).  Precipitation  of  one  or 
several  solid  phases  occurs  (metastable  phase  transition)  in  all  inclusions  on  cooling  in 
freezing  stage  in  the  range  of  -50°C  to  -120°C.  In  all  inclusions  of  type  I  commonly  two 
solid  phases  successively  freeze  out,  which  differ  in  melting  temperatures  and  composition 
(phase  A  -  solid  hydrocarbons  (?)  with  melting  temperature  about  -42°C  and  phase  B  -  solid 
carbon  dioxide  with  melting  temperature  about  -66°C).  In  all  second  type  inclusions  on 
cooling  only  phase  B  (solid  carbon  dioxide)  freezes  out,  and  in  inclusions  of  the  third  type  - 
only  one  solid  phase  A  (solid  hydrocarbons  (?)  with  melting  temperature  about  -36°C).  The 
volume  of  precipitated  solid  phases  for  inclusions  of  type  1  is  about  30%  (phase  A  about  10% 
and  phase  B  about  20%),  for  type  II  about  20%  (only  phase  B),  and  for  inclusions  of  type  111 
-  about  75-80%  (only  phase  A).  Further  cooling  up  to  -196°C  of  the  residual  liquid  does  not 
result  in  it  heterogenization  or  other  changes  in  every  type  inclusions.  The  results  of  cryomet- 
ric  and  Raman-spectroscopic  studies  suggest  that  the  composition  of  inclusions  of  type  I  is 
represented  by  carbon  dioxide,  nitrogen,  and  hydrocarbons  (?),  while  type  II  -  mainly  by 
carbon  dioxide  and  nitrogen,  and  inclusions  of  type  III  -  basically  by  hydrocarbons  (?).  Fluid 
inclusions  of  types  II  and  III  are  typically  localized  within  one  healed  crack  and  were  most 
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likely  formed  as  a  result  of  neeking  down  of  the  first  type  inclusions.  Although  the  detected 
fluid  inclusions  are  located  in  diamonds  along  cracks,  healed  inclusions  undoubtedly  indicate 
that  during  preservation  of  inclusions  the  conditions  (temperature,  pressure,  composition 
of  medium)  necessary  for  crystallization  of  substance  still  existed.  The  latter  is  confirmed 
also  by  the  presence  of  negative  diamond  shape  in  the  habit  of  inclusions,  necking  down  and 
reerystallization  of  sites  around  inclusions  in  diamond. 

Primary  fluid  and  melt  inclusions  were  found  in  pyropes  typical  of  parageneses  of 
websterite  xenoliths  from  kimberlite  pipe  “Mir”  (Yakutia).  The  IR-speetra  of  fluid  inclusions 
have  a  strong  absorption  band  in  the  frequency  region  3000-2800  cm"1,  which  is  typical  of 
hydrocarbons.  Data  of  thermo-  and  cryometric  studies  of  fluid  in  garnets,  favor  the  alkane 
nature  of  these  hydrocarbons.  Judging  from  homogenization  temperatures  these  inclusions 
may  be  represented  by  n-alkanes  not  less  than  C5-C11  (with  due  regard  for  critical  tempe¬ 
ratures  of  the  latter).  After  freezing  of  the  liquid  phase  of  inclusions,  melting  of  crystals  for¬ 
med  is  observed  at  -20°C  and  the  last  solid  phases  disappear  at  -10°C.  In  case  of  n-alkanes 
this  may  correspond  to  mixtures  of  alkanes  with  chains  of  C11  type  and  higher-molecular 
compounds.  In  melt  inclusions  melting  of  solid  phases  and  solution  of  fluid  bubble  is  obser¬ 
ved  at  about  965-980°C.  However,  we  failed  to  homogenize  inclusion  because  at  about 
1 100°C  they  usually  explode,  apparently,  due  to  developing  high  fluid  pressure  in  inclusions 
at  these  temperatures. 

The  Raman  spectroscopy  data  on  the  composition  of  fluid  inclusions  in  synthetic  dia¬ 
mond  also  suggest  a  principal  possibility  on  the  participation  of  hydrocarbons  (alkanes)  in 
crystallization  processes  of  diamond  in  its  stability  field.  In  synthetic  diamonds,  obtained  by 
the  temperature  gradient  grown  method  in  the  system  Fe-Ni-C  at  a  high-pressure  apparatus  of 
“split  sphere”  type,  monophase  liquid  inclusions  of  disc-,  pipe-like-lenticular  shape  or  with  a 
facet  of  negative  diamond  crystal  were  found.  The  Raman-spectra  of  inclusions  display  bands 
in  the  subregions  of  spectra  3000-2700,  1475-1450,  1310-1175,  1150-950  cm'1.  The  absence 
of  a  strong  line  in  the  frequency  region  1600  cm*1  indicates  the  presence  of  saturated  hydro¬ 
carbons  (alkanes)  in  inclusions.  In  the  frequency  region  3000-2700  cm"1,  C-H  valency  varia¬ 
tions  occur,  which  are  more  or  less  localized  within  CH2  and  CH3  groups.  The  narrow  region 
1475-1450  cm'1  in  Raman-spectrum  exhibits  a  band  favored  by  the  position  of  antisymmetric 
deformation  of  CH3  and  scissors-like  vari&tions  of  CH2.  The  CH2  -  torsion  modes  occur  in 
the  region  1310-1175  cm'1  too.  The  absence  of  lines  in  the  region  888-  837  cm'1,  peculiar  to 
nonbranched  alkanes,  suggests  that  Raman-spectrum  registered  is  most  likely  a  mixture  of 
branched  and  cyclic  alkanes.  The  Raman-spectrum  region  in  these  alkanes  is  free  of  lines.  As 
the  pressure  in  fluid  inclusions  is  essentially  higher  than  one  atmosphere,  the  spectra  obtai¬ 
ned  do  not  coincide  with  the  Raman-spectra  of  hydrocarbons  recorded  under  normal  condi¬ 
tions. 

In  garnets  of  eclogites  from  the  kimberlite  pipes  “Udachnaya”  and  “Obnazhenaya” 
(Yakutia)  monofase  liquid  inclusions  were  found  whose  composition,  according  to  data 
of  cryometry  and  Raman-spectroscopy,  is  represented  mainly  by  liquefied  nitrogen.  On 
cooling  to  -196°C,  the  majority  of  the  inclusions  display  no  visible  phase  inclusions,  which 
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suggests  lower  than  -196°C  hetero^enization  temperatures  of  preserved  solutions  and  their 
high  density  (more  than  0.806  g/cm3).  Only  in  separate  inelusions,  which  seem  to  undergo 
partial  unsealing,  heterogenization  of  inclusions  was  observed  at  -196°C  (Thom  = 

-188-i-  -196°C). 


On  the  basis  of  data  of  chromatographic  analysis  of  volatiles  from  garnets  and  olivines 
of  harzburgites,  spinel  lherzolites,  garnet  pyroxenes,  diamondiferous  dunites,  and  eclogites 
from  kimberlite  pipes  “Mir”,  “Udachnaya”  (Yakutia)  and  “Roberts  Victor”  (South  Africa)  and 
thermodynamic  modeling  of  component  composition  of  fluid  for  PT-conditions  of  formation 
of  the  rocks  considered,  calculated  using  program  TEMPACT,  it  was  established  that 
prevailing  components  for  all  samples  is  water,  methane,  and  carbon  dioxide.  Some  samples 
along  with  water,  carbon  dioxide,  and  methane  also  contained  elevated  content  of  nitrogen. 
The  amount  of  other  components  is  negligible.  The  oxygen  fugacity  at  PT  -  parameters  and 
H/(0+H)  values,  typical  of  each  rock  investigated,  was  calculated  using  the  data  obtained.  It 
was  shown  that  redox  conditions  of  formation  of  these  associations  are  similar  to  conditions 
of  buffer  reaction  WM  at  50  kbar.  However,  the  redox  conditions  of  formation  of  these  rocks 
cannot  be  judged  unambiguously.  They  might  have  been  formed  under  more  reducing 
conditions,  but  the  composition  of  fluid  inclusions  varied  during  post-crystallization  period 
and,  hence,  the  possibility  that  the  results  of  analysis  reflect  averaged  situation  from  the 
conditions  of  rocks  prior  to  their  removal  to  the  surface  is  not  ruled  out. 
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Introduction  Physical  properties  for  around  2500  microdiamonds  have  been  examined  from 
six  Siberian  kimberlite  and  seven  Australian  kimberlite  and  lamproite  hosts  (Table  1).  All  of  the 
microdiamonds  have  dimensions  under  0.5mm.  Chips  and  broken  crystals  were  excluded  during 
the  initial  sampling.  The  microdiamonds  are  described  with  respect  to  both  primary  and  secondary 
features,  including  external  morphology,  colour,  surface  features,  nitrogen  abundance,  degree  of 
aggregation  and  relative  hydrogen  content  The  classification  scheme  followed  is  that  described  by 
Otter  et  al.  (1994). 


Table  1  Siberian  and  Australian  microdiamond  hosts 


Siberian  kimberlites 

Aikhal  Mir  Sputnik  Sytykanskaya  Udachnaya  Yubeleinaya 

Australian  kimberlites 

Aries  Emu  2  Excalibur 

Australian  lamproites 

Argyle  dyke  Ellendale  4  Walgidee  Hills 

Australian  (unknown) 

Coanjula 

Analytical  methods  Microdiamond  form  and  colour  were  inspected  using  a  stereo 
microscope  and  reflected  light.  Surface  textures  were  examined  using  a  high  resolution  scanning 
electron  microscope  (HRSEM)  at  the  Centre  for  Microscopy  and  Microanalysis,  The  University  of 
Western  Australia.  Low  electron  beam  voltage  (3keV)  and  magnifications  up  to  50  000  times  were 
utilised.  Infra-red  spectra  were  collected  using  an  optical  microscope  attached  to  a  Broker  FT-IR 
spectrometer  over  the  range  4000  to  650cm4  at  University  College  London. 

External  morphology  External  morphology  indicates  the  nature  and  history  of  the  source 
region  in  which  the  microdiamonds  crystallised  and  resided  (McCallum  et  al.,  1994).  To  define  the 
morphology;  external  form,  crystal  regularity,  and  resorption  of  each  microdiamond  has  been 
described. 

The  proportions  of  external  forms  vary  substantially  between  hosts,  though  with  Siberian  and 
Australian  microdiamonds  the  octahedra  is  the  predominant  primary  form.  Only  a  small  proportion 
(<10%)  of  octahedra  appear  to  be  equidimensional  or  nearly  equidimensional.  The  remaining 
portion  are  distorted  to  varying  degrees.  Single  crystals  dominate  all  microdiamond  suites,  but 
aggregates  are  abundant  in  the  Yubeleinaya  (>15%)  and  Excalibur  (>20%)  pipes.  Twinned 
crystals  were  recognised  in  each  suite,  but  are  significant  only  within  the  Emu  2  pipe  (46% 
macles),  Argyle  dyke  (25%  macles)  and  Aries  pipe  (>15%  interpenetrant  twins).  Each  of  the 
Siberian  and  Australian  pipes  show  distinct  differences  in  the  proportions  of  cubic  and  irregular 
forms.  Cuboids  are  present  in  each  Siberian  microdiamond  fraction,  and  are  significant  forms  in 
the  Udachnaya  (19%),  Sytykanskaya  (15%)  and  Yubeleinaya  (8%)  hosts.  Other  Siberian  pipes 
have  less  than  4%  cuboids.  Of  the  Australian  microdiamonds,  cuboids  were  only  observed  in  the 
Coanjula,  Emu  2  and  Excalibur  suites.  At  Coanjula  (host  unknown)  the  suite  is  dominated  (>70%) 
by  opaque,  fibrous  cubes.  Cubo-octahedra  are  present  only  in  small  numbers,  and  rarely  exceed  a 
few  percent  of  the  microdiamond  suites.  Cubo-octahedra  are  significant  only  within  the  Excalibur 
pipe,  where  they  make  up  23%  of  the  microdiamond  suite. 

The  degree  of  resorption  evident  in  each  suite  varies.  Dodecahedra  are  abundant,  reaching  40%,  in 
the  Sytykanskaya  and  Mir  pipes  and  25%  in  the  Udachnaya  pipe.  In  contrast,  dodecahedra  make 
up  less  than  2%  of  the  microdiamond  suite  from  the  Emu  2  and  Walgidee  Hills  pipes. 

Dodecahedra  of  microdiamond  size  may  be  the  resorption  product  of  a  larger  diamond  fraction, 
without  a  distinct  genetic  relationship  to  octahedra  of  similar  or  smaller  size.  Few  microdiamonds 
show  non-uniform  resorption,  believed  to  result  from  partial  shielding  by  xenoliths  during  the 
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resorption  process.  Isolated  examples  were  observed  in  the  Sytykanskaya  and  Yubeleinaya 
microdiamond  suites. 

Colour  Microdiamond  colour  in  many  cases  is  difficult  to  distinguish,  but  can  be  an  indicator 
of  impurities  and  post-growth  deformation  (McCallum  et  al.,  1994).  The  dominant  colours  from 
all  the  studied  microdiamonds  are  colourless,  yellow  and  brown.  Green  and  pink  microdiamonds 
are  uncommon.  The  proportions  of  each  of  these  colours  varies  not  only  between  hosts,  but  also 
between  microdiamond  form. 

Predominant  in  all  suites  are  colourless  microdiamonds.  A  higher  proportion  of  dodecahedra  and 
cubic  forms  are  coloured.  These  trends  in  colour  have  been  observed  for  macrodiamonds  and  have 
been  suggested  to  be  controlled  by  nitrogen  aggregation  and  plastic  deformation  (Otter  et  al., 

1994).  No  clear  correlation  emerges,  however,  when  deformation  is  compared  to  microdiamond 
colour.  Surface  features  indicative  of  deformation  (most  frequently  lamination  lines)  do  not  appear 
more  prevalent  in  coloured  microdiamonds.  The  proportion  of  resorbed  forms  on  which  such 
textures  are  evident  may  effect  this  observation. 

Surface  features  Surface  features  reflect  the  post-growth  history  of  the  microdiamonds, 
most  of  which  have  been  ascribed  to  deformation,  resorption  and  late-stage  processes.  A  wide 
range  of  textures  reported  by  Robinson  (1979)  are  found  on  Siberian  and  Australian 
microdiamonds.  Triangular  growth  platelets,  trigons,  lamination  lines,  knob-like  asperities, 
ribbing  and  shield-shaped  and  serrate  laminae  are  well  developed  on  many  of  the  crystals. 
Corrosion  sculpture,  heavy  frosting  and  etch  channels  are  late-stage  features  found  frequently  on 
microdiamonds  hosted  by  lamproitic  rock  (Hall  and  Smith,  1984).  A  higher  proportion  of  Argyle 
dyke,  Ellendale  4  and  Walgidee  Hills  microdiamonds  show  these  characteristics  when  compared  to 
microdiamonds  recovered  from  kimberlitic  hosts. 

Nitrogen  content  and  aggregation  state  Fourier  transform  infra-red  spectroscopy  (FT- 
IR)  can  be  used  to  determine  the  amount  and  types  of  nitrogen  defects  within  the  microdiamond 
lattice.  Nitrogen  defects  are  divided  according  to  how  the  nitrogen  is  substituted  within  the  lattice 
and  the  degree  to  which  it  is  aggregated  (Evans  and  Harris,  1989). 

The  proportion  of  microdiamonds  containing  negligible  amounts  of  nitrogen  (type  II)  varies 
substantially  between  hosts.  Over  95%  of  Aries  microdiamonds  are  classified  as  type  II,  compared 
to  26%  of  the  Yubeleinaya  and  6%  of  the  Sputnik  microdiamond  suite.  Type  I  (nitrogen 
containing)  microdiamonds  from  both  Siberia  and  Australia  contain  nitrogen  predominantly 
aggregated  in  the  A  form,  with  the  exception  of  the  Argyle  microdiamond  suite  where  over  80%  are 
aggregated  in  the  B  form.  With  minor  exception  all  cubic  forms  have  nitrogen  aggregated  in  the 
pure  la  A  form,  suggestive  of  short  residence  times  and/or  low  temperatures  in  the  source  region. 
Microdiamonds  containing  singly  substituted  nitrogen  (type  lb)  are  present  in  the  Excalibur  suite. 

For  each  of  the  studied  microdiamond  suites  there  is  a  wide  range  in  total  nitrogen  content  and 
aggregation  state.  The  majority  of  microdiamond  suites  have  nitrogen  contents  ranging  from  20  to 
2200ppm.  Based  on  these  values  and  corresponding  aggregation  states,  estimates  of  the  resident 
times  and  temperature  of  the  source  region  can  be  made  (Taylor  et  al.,  1990).  Each  microdiamond 
suite  reveals  a  broad  time-temperature  distribution  which  suggests  the  growth  histories  for 
microdiamonds  differ  even  within  hosts. 

Within  a  single  host,  cuboids  and  cubo-octahedra  show  a  relatively  restricted  range  in  nitrogen 
content  and  a  slight  enrichment  in  nitrogen  over  other  morphologies.  Significant  differences 
between  the  nitrogen  contents  of  octahedra,  dodecahedra,  macles  and  aggregates  were  not  detected. 
Mean  nitrogen  content  was  compared  for  colourless  and  all  coloured  microdiamonds,  regardless  of 
form.  Slight  differences  were  found  between  coloured  and  colourless  microdiamonds,  the  later 
depleted  in  nitrogen,  though  significant  overlap  in  exists.  Between  pipes,  the  range  in  nitrogen 
content  for  different  morphologies  and  colours  differ. 


632 


FT-IR  spectra  have  also  been  used  to  resolve  the  relative  hydrogen  content  of  microdiamonds.  The 
types  of  defects  hydrogen  assumes  and  the  defects  that  result  in  infra-red  absorption  are  unknown, 
thus  hydrogen  content  is  yet  to  be  quantified  and  can  only  be  used  as  a  relative  comparison. 
Siberian  and  Australian  microdiamonds,  on  average,  show  low  to  medium  relative  hydrogen 
content.  An  exception  to  this  is  the  Excalibur  pipe.  The  microdiamonds  from  this  source  are 
unique  in  their  high  to  extreme  levels  of  hydrogen.  Relative  hydrogen  content  shows  a  positive 
correlation  with  nitrogen  content  Over  40%  of  microdiamonds  displaying  very  high  to  extreme 
hydrogen  level  are  cubo-octahedra. 

Discussion  The  following  comments  can  be  made  for  Siberian  and  Australian  microdiamonds 

1.  Octahedra  are  the  predominant  primary  form,  regardless  of  the  host  rocks  and  their  localities. 

2.  The  proportions  of  dodecahedra  vary,  and  may  be  the  resorption  product  of  larger  diamonds. 

3.  Colourless  microdiamonds  predominate,  with  dodecahedra  and  cuboids  comprising  the  bulk  of 
coloured  stones. 

4.  Coloured  microdiamonds,  on  average,  show  slightly  higher  nitrogen  content  than  colourless 
microdiamonds. 

5.  A  higher  proportion  of  microdiamonds  from  lamproitic  hosts  relative  to  kimberlite  hosts  are 
heavily  frosted  and  contain  etch  channels. 

6.  A  wide  diversity  of  nitrogen  contents  exists  within  suites  with  a  corresponding  range  of  time- 
temperature  relationships.  This  may  be  attributable  to  an  inhomogeneous  source  region,  more  than 
one  microdiamond  growth  event,  or  a  number  of  sources  being  involved  for  a  single  host. 

Many  of  these  trends  may  relate  to  variations  in  the  physio-chemical  conditions  of  the  growth 
environments.  The  wide  variety  of  physical  features  found  within  individual  microdiamond  suites 
make  comparison  between  hosts  and  between  regions  difficult  It  appears  that  multiple 
microdiamond  populations  are  likely  to  be  present  in  a  single  host,  and  no  one  distinguishing 
characteristic  can  be  used  to  clearly  separate  the  microdiamonds  from  the  kimberlite  and  lamproite 
hosts  of  Australia  and  Siberia. 

Additional  studies  on  inclusion  content  internal  structure  and  carbon  isotope  composition  of  the 
microdiamonds  are  planned. 

Acknowledgments  CRA  Exploration  Pty.Ltd.,  Ashton  Mining  Ltd.,  Triad  Minerals  N.L , 
Almazy  Rossii-Sakha  Co.Ltd.  and  the  Yakutian  Institute  of  Geological  Science  are  thanked  for 
supply  of  microdiamonds  and  technical  cooperation.  The  financial  support  of  the  first  two 
organisations  is  appreciated.  The  British  Council  of  Australia  is  acknowledged  for  financial 
assistance  at  University  College  London. 

Evans  T.  and  Harris  J.W.  (1989).  Nitrogen  aggregation,  inclusion  equilibration  temperatures  and  the  age  of  diamonds.  In 
Ross  J.  et  al.  (eds)  Kimberlites  and  related  rocks.  Volume  2.  Geological  Society  of  Australia  Special  Publication  no.  14, 
1001-1006.  Blackwell  Scientific  Publications,  Melbourne. 

Hall  A.E.  and  Smith  C.B.  (1984).  Lamproite  diamonds  -  are  they  different?  In  Glover  J.E.  and  Harris  P.G.  (eds)  Kimberlite 
Occurrence  and  Origin.  University  Extension  Publication  no.  8.  The  University  of  Western  Australia,  167-212. 

McCallum  M.E.,  Huntley  P.M.,  Falk  R.W.  and  Otter  M.L.  (1994).  Morphological,  resorption  and  etch  feature  trends  of 
diamonds  from  kimberlite  populations  within  the  Colorado- Wyoming  State  Line  District,  USA.  In  Meyer  H.O.A.  and 
Leonardos  O.H.  (eds)  Diamonds:  characterisation,  genesis  and  exploration.  Volume  2.  CPRM  Special  Publication  IB 
Jan/94,  32-50. 

Otter  M.L.,  McCallum  M.E.  and  Gurney  J.J.  (1994).  A  physical  characterisation  of  the  Sloan  (Colorado)  diamonds  using  a 
revised  diamond  description  scheme.  In  Meyer  H.O.A.  and  Leonardos  O.H.  (eds)  Diamonds:  characterisation,  genesis  and 
exploration.  Volume  2.  CPRM  Special  Publication  IB  Jan/94,  15-31. 

Robinson  D.N.  (1979).  Surface  textures  and  other  features  of  diamonds.  PhD  thesis  (unpublished),  221p.  University  of 
Cape  Town,  Rondebosch,  South  Africa. 

Taylor  W.R.,  Jaques  A.L.  and  Ridd  M.  (1990).  Nitrogen  defect  aggregation  characteristics  of  some  Australasian  diamonds: 
time-temperature  constraints  on  the  source  regions  of  pipe  and  alluvial  diamonds.  American  Mineralogist,  75,  1290- 
1310. 


633 


HEAT  FLOW  AND  DIAMOND  POTENTIAL  OF  THE  BELOMORIAN  KIMBERLITE 
PROVINCE 

Tsibulya,  L. A. 

Geological  Institute  of  Kola  Science  Centre  RAS,  Apatity  184200, 
Russia 

Results  from  geothermal  investigations  of  the  Belomorian 
kimberlite  province  (Tsibulya  &  Levashkevich,  1992)  and 
summarized  heat-flow  (HF)  data  on  kimberlite  provinces  of 
Laurasian  ancient  platforms  (Tsibulya,  1992)  have  shown  that  the 
density  of  regional  HF  in  kimberlite  provinces  is  generally  lower 
than  the  background  values  in  the  platforms  (Fig.l) .  Besides, 
there  is  a  relationship  between  HF  values  and  diamond  potential 
of  the  provinces:  the  lower  the  HF  of  a  province,  the  higher  the 
diamond  potential.  This  dependence  between  HF  and  dimond 
potential  is  also  observed  within  the  provinces.  Minimal  HF 
values  (17-20  mW/m2)  is  the  Siberian  province  are  characteristic 
for  the  kimberlite  zone  of  a  diamond  subfacies.  When  passing  to 
kimberlite  zones  of  diamond-pyrope  and  pyrope  subfacies  and  to 
porphyritic  ultrabasic  and  alkaline-ultrabasic  rocks  of  the 
pyrope  facies,  the  HF  density  is  gradually  increasing  up  to  35 
mW/m2  (Milashev  and  Posenberg,  1974;  Tsibulya,  1992)  . 


Fig.l.  A  heat-flow  plot  for  provinces  and  areas  of  kimberlite 
magmatism  in  Laurasian  platforms :  1  -  Siberlian;  2  -  Volynskaya; 

3  -  Belomorian;  4  -  Priazovskaya;  5  -  North-Ameriacan . 

Fig. 2.  A  scheme  of  HF  and  M-interface  relief  in  the 
Belomorian  kimberlite  province.  1  -  HF  isolines,  mW/m2;  2  - 
isohypses  of  M-interface,  km;  3  -  contours  of  the  Belomorian  dome 
megastructure  of  the  central  type. 

Discussion:  Let  us  compare  the  HF  density  of  the  Belomorian 
kimberlite  province  with  that  of  Siberian  (Fig.l).  Although,  the 
area  of  the  Belomorian  negative-temperature  anomaly  is  smaller 
and  its  extensive  eastern  part  comprises  regions  with  deeply 
eroded  kimberlite. pipes,  the  location  of  which  is  difficult  to 
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determine.  Anomalously  low  HF  values  could  be  indicators  of  the 
presence  of  kimberlites.  Contours  of  the  regional  low-HF  field  in 
this  province  almost  coincide  with  the  contours  of  the  Belomorian 
central-type  dome  structure  that  is  established  from  geologic- 
morphologic  analysis  (Soloviev,  1978)  .  The  M-interface  in  this 
structure  is  elevated  (Fig. 2)  .  Yet,  it  is  not  the  variable 
crustal  thickness  that  is  the  main  peculiarity  of  the  Belomorian 
province,  as  well  as  of  other  diamond-bearing  provinces 
worldwide.  The  most  important  thing  is  the  enrichment  of  the 
crust  and  subjacent  mantle  with  abyssal  material,  including 
diamond-bearing  rocks..  The  upper  layers  of  the  lithosphere  were 
saturated  with  abyssal  material  mainly  in  the  Upper  Archean  and 
Lower  Proterozoic  due  to  asthenolith  emplacement,  dapirism  and 
the  presence  of  functioning  fluid-thermal  columns.  All  these 
processes  occured  within  long-lived  and  pulsating  asthenocones, 
whose  area  in  the  surface  conforms  with  the  boundaries  of 
kimberlite  provinces.  Heat  energy,  which  was  released  in  the 
course  of  the  evolution  of  these  ancient  asthenocones,  has 
dissipated  by  the  present  time,  and  it  does  not  affect  the  modern 
surficial  temperature  field  of  the  kimberlite  provinces.  The 
modern  temperature  fields  of  these  structures  are  stationary  of 
quasistationary.  HF  in  them  is  formed  largely  due  to  radiogenic 
heat  generation.  The  content  of  radioactive  elements  in 
aleoasthenocone  rocks  is  decreased,  and,  consequently,  HF  density 
is  also  decreased  (Fig. 3) . 


_ _ _ _ ... 
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Fig. 3.  Heat  flow  and  a  scheme  of  deep  structure  of  areas  of 
kimberlite  magmatism.  1  -  cover,  2  -  granite  layer,  3  -  basalt 
layer,  4  -  upper  mantle,  5  -  deep  intrusions,  6  -  gas-geodynamic 
system,  7  -  chambers  of  kimberlite  magmatism  and  fronts  of 
conductive  heat  distribution,  8  -  system  of  bifurcating  channels- 
fractures,  9  -  explosive  pipes  (a  -  free,  b  -  diamond-bearing) , 

10  -  surficial  HF  variation. 

Fig. 4.  Variation  of  temperature  gradient  and  HF  density  in 
diatremes  of  the  Zolotisky  ore  field  of  the  Arkhangelst  region. 
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Processes  of  platform  kimberlite  magma t ism  acted  in 
conditions  of  brittle  destruction  of  elastic  medium.  The 
formation  of  local  magma  chambers  was  related  mostly  to 
decompression  of  gas-geodynamic  systems.  Spatial  distribution  of 
the  chambers  and  feed  channels  of  kimberlite  volcanism  (Fig. 3) , 
their  volumes  and  the  short  period  of  existence  could  not  have  a 
considerable  influence  on  the  temperature  conditions  in  the  crust 
as  a  whole.  However,  HF  is  slightly  increased  in  the  diatremes 
(Fig. 4),  which  partly  can  be  accounted  for  by  an  ascending 
movement  of  fluids  along  fractured  channels,  whose  permeability 
in  productive  pipes  is  higher  than  in  other  pipes. 

Conclusions:  The  analysis  of  HF  field  of  kimberlite 
magmatism  provinces  suggests  that  diamonds  were  transported  to 
the  surface  in  two  stages.  In  the  first  stage,  they  were  uplifted 
to  the  upper  layers  of  the  lithosphere  as  a  result  of  development 
of  Upper  Arche  an  -  Lower  Proterozoic  asthenocones .  In  the  second 
stage,  they  were  transported  to  the  surface  in  the  course  of 
Paleozoic-Mesozoic  kimberlite  volcanism. 

In  general,  HF  data  can  be  used  to  get  an  insight  into  the 
evolution  and  deep  structure  of  the  ancient  continental  crust, 
and  also  to  perform  regional  and  local  prognostication  of  diamond 
presence  in  crustal  segments. 
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CORRELATION  AND  CLASSIFICATION  OF  KIMBERLITE  INDICATOR  PROPERTIES 


Tsyganov  Vladimir  A. 

Almazy  Rossii-Sakha  Co.  Ltd.  7,  Chemyshevsky  Shosse  (road),  Mirny,  Republic  Sakha  (Yakutia), 
678170,  Russia. 

The  problem  of  prospecting  low  magnetic  kimberlite  pipes,  as  well  as  diatremes,  locating  in  unfa¬ 
vourable  prospecting  situations  for  heavy-concentrate  mineralogical  method,  accelerates  application 
of  non-traditional  methods  of  exploration  in  the  practice  of  diamond  prospecting  works.  These  me¬ 
thods  are  based  on  specific  properties  of  kimberlites  allowing  to  reveal  them  on  the  background  of 
country  rocks.  New  prospecting  methods  are  also  used  when  classifying  magnetic  anomalies  accord¬ 
ing  to  the  degree  of  perspectivity,  as  well  as  for  localization  of  pipes  in  the  contours  of  the  revealed 
heavy  concentrate-mineralogical  haloes.  While  doing  this,  as  a  rule,  the  character  of  correlation  rela¬ 
tionship  between  the  contrast  of  occurrence  of  various  indicator  properties  in  pipes  is  not  taken  into 
consideration.  These  noted  circumstances  create  real  possibilities  of  missing  the  targets.  In  order  to 
increase  geological  effectiveness  and  to  cut  expenses  for  geological  works  there  has  been  made  an  at¬ 
tempt  to  determine  correlation  relationship  between  various  indicator  properties  of  kimberlites  on 
three  main  diamondiferous  fields  of  Yakutian  Province  (Miminskoye,  Alakhit-Markhinskoye,  Dal- 
dynskoye). 

On  the  materials  of  I.P.Ilupin,  D.I.Savrasov  and  A.T.  Bondarenko  there  has  been  compiled  a  da¬ 
ta  base  for  about  100  pipes  of  the  noted  territory  with  inclusion  in  it  for  each  pipe  of  the  following 
features:  size,  chemical  composition,  content  of  microelements,  content  of  pyropes,  picroilmenite  and 
other  indicator  minerals,  content  of  country  rock  xenoliths,  thickness  of  kelyphytic  edging  on  pyrope, 
petrophysical  properties,  diamondiferous  and  some  other  properties.  Correlation  relationships  between 
the  properties  were  investigated  with  the  help  of  the  method  of  factor  analysis,  couple  and  rank  corre¬ 
lation. 

In  the  result  of  the  performed  investigation  there  have  been  revealed  three  main  factors,  the  chan¬ 
geability  of  which  practically  completely  explains  all  variations  of  main  rockforming  components  of 
the  material  composition  of  kimberlites  in  the  region  (table  N  1).  Further  on  the  correlation  of  indi- 
Table  N  1  cator  properties  was  investigated  in  regard  to  these 

factors. There  have  been  revealed  three  types  of  pro¬ 
perties,  all  in  al  1 ,  which,  depending  on  the  strength 
of  correlation  with  the  main  factors,  were  called: 
properties  of  the  entailed  type  (when  correlating 
with  the  factors  close  to  linear  dependence),  prop¬ 
erties  of  the  entailed-autonomous  type  (when  cor¬ 
relation  has  the  level  of  significance  in  the  interval 
of  0,001  to  0,05),  properties  of  autonomous  type 
(with  the  level  of  significance  worse  than  0,05).  The 
properties  of  the  first  two  types  then  were  devided 
into  classes,  depending  on  which  of  the  main  factors 
the  most  strong  correlating  relationships  are  noted 
for  them  with.  The  results  of  the  described  approach  to  classifying  indicator  properties  are  given  in 
Table  N  2. 

Analysis  of  Table  N  2  gives  an  opportunity  to  make  several  important  conclusions  in  regard  to 
practice. 

1.  Changeability  of  the  chemical  composition  of  kimberlites,  which  is  described  by  variations  of  the 
first  factor,  practically  completely  controls  changeability  of  main  geoelectrical  features:  electrical  resi¬ 
stivities  on  AC  and  dielectric  permeability.  This  relationship  may  be  conditioned  by  the  influence  on 
the  noted  properties  of  general  porosity,  which  itself  is  the  consequence  of  correlation  in  rock  of  ser- 
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pentine  and  carbonate  components.  The  levels  of  concentration  in  pipes,  and  hence  in-the  secondary 
geochemical  halo  of  dispersion,  of  chemical  elements  (B,  Zn,  Cr,  Ni,  Ba)  make  it  possible  to  forecast 
the  significance  of  the  first  factor  for  undiscovered  pipes  and  accordingly  forecast  the  significance  of 
geoelectric  parameters  for  kimberlite  rocks  composing  these  targets.  The  latter,  in  comparison  with 
analogous  parameters  of  country  rocks,  allow  to  make  a  decision  about  the  expediency  of  using  and 
modification  of  electric  prospecting  method  during  localization  of  kimberlite  pipes. 

2.  The  changeability  of  the  chemical  composition  of  rocks,  described  by  variations  of  the  second 
factor,  considerably  regulates  main  indicator  properties  of  kimberlites,  petromagnetic  parameters, 
density  (gravity),  content  of  picroilmenite,  chromespinel  and  in  smaller  degree  of  chromediopside. 
And  in  this  case  the  specific  nature  of  secondary  geochemical  haloes,  at  first,  and  then  specific  fea¬ 
tures  of  mineralogical  halo,  make  it  possible  to  forecast  petromagnetic  and  gravity  properties  of 
undisco-vered  pipes  and  according  to  it  determine  the  expediency  and  the  way  of  applying  geo- 
Table  N  2.  physical  methods. 


3,  Changeability  of  general  alkaline 
nature  of  kimberlite  rocks  finds  direct 
reflection  in  containing  Sr,  Hf,  Rb, 
Mo  in  pipes  and  in  the  thickness  of 
kelyphytic  edgings  on  pyrope.  Conse¬ 
quently,  corresponding  specific  fea¬ 
ture  of  the  secondary  geochemical 
halo  (low  concentrations  of  the  men¬ 
tioned  elements)  allows  to  consider 
with  more  optimism  the  haloes  of  py- 
ropes  having  no  reactionary  edgings, 
and  on  the  other  hand  not  to  exclude 
possibility  of  complete  substitution  of 
py ropes  by  secondary  minerals. 

4.  Indicator  properties  of  autono¬ 
mous  type  of  association  A 1  establish 
distinct  reverse  correlation  between 
the  sizes  of  kimberlite  bodies  and  the 
content  of  phosphorus,  thorium,  ura¬ 
nium,  lanthanum  and  yttrium  in  them 
(Fig.N  1 .)  The  noted  fact  testifies 
about  an  opportunity  to  use  gamma- 
spectrometry  method  for  prospecting 
of  small  in  size  pipes. 


5.  Indicator  properties  of  autonomous 
type  of  association  A2  closely  connect 
together  the  content  of  diamonds  in 
pipes  and  the  content  of  sulphur  in  the 
same  pipes  (Fig.  N2).  This  circum¬ 
stance  does  not  contradict  to  the  exist¬ 
ing  data  on  the  inclusions  of  sulphides 
in  diamonds,  data  about  the  steady 
character  of  diamonds  in  the  system 
"sulphur  -  oxygen",  with  evident  pre¬ 
dominance  of  the  first  chemical  ele¬ 
ment.  Considerable  difference  in  the 
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meanings  for  sulphur  in  the  left  part  of  the  scheme,  that  is  if  the  diamondiferous  property  of  the 
pipes  is  poor,  may  be  connected  with  two  sources  of  sulphur  in  kimberlites:  hypogenic  and  hyper- 
genic.  It  is  evident  that  during  application  of  data  on  isotopy  of  sulphur  hypogenic  dependence  sul¬ 
phur  -  diamondiferous  property  can  manifest  with  more  contrast.  The  noted  data  testify  possible 
efficiency  of  electroprospecting  search  of  diamondiferous  kimberlites  by  the  method  of  Induced 
Polarization  (IP).  At  this,  the  available  data  on  mineralogical  forms  of  sulphur  in  kimberlites  and 
the  data  on  mineralogy  of  sulphides  of  different  genesis  (on  the  materials  of  N.N. Zinchuk)  make  it 
possible  to  suggest  the  reality  of  separation  of  anomalies  of  induced  polarization,  connected  with 
hypogenic  sulphides  from  hypergenic  analogies. 

This  classification  of  indicator  properties 
of  kimberlites,  based  on  correlation  rela¬ 
tionship  between  their  material  and  indi¬ 
cator  characteristic  features,  on  one 
hand  allowed  to  make  several,  in  regard 
to  practice,  conclusions,  but  on  the  other 
hand  it  is  based  on  the  limited  actual  ma¬ 
terial.  This  last  circumstance  means  that 
it  is  necessary  to  involve  into  such  proc¬ 
essing  the  data  on  a  greater  number  of 
pipes,  located  in  different  diamondifer¬ 
ous  provinces  of  the  world.  At  the  same 
time,  the  available  average  characteristic 
features  on  some  kimberlite  fields  and 
provinces  demonstrate  reliability  of  the 
described  main  tendencies  of  relationship 
between  material  and  indicator  charac¬ 
teristic  features  of  kimberlites. 


In  application  to  the  task  of  kimberlite  prospecting  the  above  described  mainly  allows  to  for¬ 
mulate  a  special  problem  about  forecasting  indicator  properties  of  undiscovered  pipes,  clusters  of 
kimberlite  bodies,  separate  kimberlite  bodies.  Such  a  forecast  of  properties  can  be  based,  on  one 
hand,  on  the  specific  features  of  secondary  mineralogical  and  geochemical  haloes,  which  had  for¬ 
med  during  the  destru¬ 
ction  of  diatremes  in 
near  surface  conditions, 
and,  on  the  other  hand, 
quite  probable,  on  tec¬ 
tonic  attribution  of  defi¬ 
nite  diamond-perspec¬ 
tive  territories.  As  a 
consequence  of  such 
forecasting  there  will  be 
the  development  of  fo¬ 
recasting-prospecting 
combination  of  meth¬ 
ods,  adapted  to  a  defi¬ 
nite  region  or  plot,  that 
is  more  efficient  and 
reasonable. 


Fig.  2. 


Fig.  N  1. 
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The  main  reliability  problems  of  geological-prospecting  works  on  diamonds 

Tsyganov  Vladimir  A. 

Almazy  Rossii-Sakha  Co.Ltd.,  7, Cherny shevsky  Shosse  (road),  Mirny,  Republic  Sakha  (Y akutia), 

678170,  Russia. 

The  theory  of  geological  prospecting  systems  reliability  is  based  on  the  notion  of  Failure  of  the  system 
itself  or  its  element.  The  failure  should  be  understood  as  any  possible  or  real  event  resulting  in  missing 
at  least  one  target  on  the  area  of  investigations,  with  defined  minimum  meanings  of  commercial  or  in¬ 
dicator  parameters.  The  potential  ability  not  to  miss  such  targets  is  supposed  to  mean  the  Quality  of 
geological  prospecting  system.  And  the  ability  to  preserve  quality 
for  a  certain  volume  of  works  is  supposed  to  mean  Reliability. 

There  are  five  types  of  failures  in  every  elementary  pair  "target- 
method" 

A.  The  failures  of  material-indicated  type  (bound  up  with  in¬ 
stability  of  indicated  properties  of  prospecting  targets); 

B.  The  failures  of  the  landscape-geological  type  (bound  up  with 
the  screening  influence  of  the  environment  surroundings  com¬ 
ponents) 

C.  The  failures  of  technical-metrological  type  (bound  up  with 
insufficient  density  and  accuracy  of  observations 

D.  The  failures  of  geological-interpretative  type  (bound  up  with 
mistakes  during  geological  interpretation  and  forecasting); 

E.  The  failures  of  evaluation  type  (bound  up  with  mistakes 
during  the  revealing  of  the  prospecting  targets). 

The  next  stage  of  the  reliability  investigations  of  realised  or 
projected  forecasting-prospecting  technologies  is  classification 
of  revealed  failures  according  to  their  frequency  and  the  influ¬ 
ence  at  effective  prospecting.  Then,  for  most  essential  of  them 
there  are  specific  quantitative  or  qualitative  indexes.  On  the  ba¬ 
sis  of  the  last  one  there  was  worked  out  a  conventional  special 
legend  for  mapping  according  to  changing  factors,  which  de¬ 
termine  the  prospecting  reliability.  These  maps  serve  as  a  basis 
for  evaluation  of  prospecting  reliability  and  for  a  new  high- 
quality  technological  scheme  of  prospecting.  The  main  appli¬ 
cation  results  of  the  theory  of  geological  prospecting  system  re¬ 
liability  in  the  practice  of  diamond  prospecting  investigations  in 
Yakutian  diamondiferous  province  are  the  following: 

For  the  traditional  regions  of  operating  mining  plants,  in  the 
way  of  the  failures  of  material-indicated  type  investigations, 
there  were  precised  minimum  industrial  and  minimum  com¬ 
mercial  parameters  of  targets  (kimberlite  pipes)  and  were  de¬ 
termined  typomorphical  indicated  features  of  pipes  for  each 
kimberlite  field.  Methodical  techniques  in  increasing  prospect¬ 
ing  complex  reliability  were  recommended.  By  means  of  inves¬ 
tigations  of  the  failures  of  landscape-geological  type  and  the 
failures  of  technical-metrological  type  special  maps  of  zoning 
on  factors  defining  methods  reliability  were  made.  The  methods 
of  reserving  failures  of  this  type  were  also  worked  out. 
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Fig.  1  Distribution  of  mining 
mass  resources  of  kimberlite 
rocks  in  kimberlite  pipes  of  dif¬ 
ferent  sizes  (the  model  of  general 
population). 
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However  the  main  conclusion  about  reliability  evaluation  of  diamond  prospecting  works  in  different 
regions  of  Yakutian  diamondiferous  province  was  the  one  about  typical  model  of  distribution  of 
kimberlite  rocks  resources  within  the  unified  field  of  kimberlite  magmatism  occurrence  (Fig.l).  The 
materials  of  carried  out  investigations  show  that  distribution  of  occurrence  frequency  of  kimberlite 
bodies  in  size  in  a  1 1  well  prospected  fields  is  distinctly  described  by  exponential  law  of  probability 
density  distribution  (Fig.  la).  Fig.  lb  shows  distribution  of  kimberlite  rocks  resources  in  each  sized 
class  of  diatreme.  Fig.  lc  illustrates  cumulative  curve  of  resources  distribution  in  kimberlite  field  at¬ 
tributed  to  100%.  From  the  last  figure  it  is  evident  that  general  resources  of  kimberlite  rocks  in  av¬ 
erage  and  small  kimberlite  bodies  are  equal  to  their  resources  in  pipes  large  in  size. 


Fig.  2  shows  an  example  of  evaluation  of 
residual  resources  of  kimberlite  rocks 
within  the  earlier  prospected  kimberlite 
field.  Here  the  chart  under  index  "3" 
shows  distribution  of  known  kimberlite 
pipes  according  to  size.  Chart  "2"  illus¬ 
trates  the  dependence  of  pipes  discovery 
probability  by  a  complex  of  geological- 
geophysical  methods  from  size.  This 
chart  is  the  result  of  carrying  out  reliabil¬ 
ity  analysis  of  prospecting  the  field's  terri¬ 
tory.  Then  chart  "1"  -  represents  distri¬ 
bution  of  all  diatremes  (including  not 
disco-vered)  in  the  field  according  to  the 
size  -  general  population  for  the 
field,  and,  at  last,  chart  "4"  shows  distri¬ 
bution  according  to  the  size  of  pipes 
which  are  not  discovered  so  far.  The  above  data  and  the  data  on  changeability  of  other  indicated  pa¬ 
rameters  of  dia-tremes  within  separate  kimberlite  fields,  make  it  possible  to  come  to  an  important 
practical  conclusion. 

It  means  that  in  al  1  the  investigated  examples  for  the  general  population  of  diatremes  in  one  field  there 
is  specific  exponential  distribution  of  sizes,  magnetic  susceptibility,  content  of  indicator  minerals  (py- 
rope,  picroilmenite  and  so  on).  As  a  consequence  of  this  conclusion  there  is  a  claim  that  in  all  the 
situations  when  distribution  of  the  mentioned  parameters  differs  from  exponential  distribution  towards 
logarithmic-normal  we  deal  with  not  sufficiently  prospected  territory.  And  the  more  significant  is  this 
difference,  the  more  undiscovered  resources  there  are  in  the  investigated  territory. 

In  Fig.  3  you  can  see  the  data  about  the  relationship  of  kimberlite  bodies  sizes  and  their  diamondifer¬ 
ous  property.  In  the  upper  part  of  the  picture  there  is  a  clear  view  of  positive  correlation  between  the 
discussed  parameters.  In  the  lower  part  of  the  picture  you  can  definitely  see  that  there  is  no  such  rela¬ 
tionship.  Hence  for  the  first  field  the  problem  of  revealing  residual  resources  is  of  low  actuality,  as  for 
the  second  one,  it  is  hard  to  overestimate  how  actual  it  is. 

.  The  conducted  investigations  in  evaluating  reliability  of  geological  exploration  on  diamonds  in 
some  regions  of  our  country,  analysis  of  publications  concerning  other  regions,  made  it  possible  to 
formulate  two  radically  different  conceptual  models  of  geologic-exploration  works,  which  in  each 
region  replace  each  other  in  time.  These  are  the  model  of  geological  prospecting  (exploration)  in  a 
new  region  and  the  model  of  exploration  in  a  region  of  a  functioning  mining  enterprise. 

For  the  model  of  geologic-exploration  works  in  a  new  region  the  basic  geologic-economic  task  is  to  de¬ 
tect  a  single  or  single  deposits  of  diamonds,  sufficient  in  the  quantity  for  substantiation  to  build  a  prof- 
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itable  for  a  long  period  mining  enterprise.  Accordingly,  the  targets  of  geologic-exploration  works  in 
such  regions  are  deposits  large  in  size,  contrast  in  indicated  features 
and  occurring  in  favourable  geologic-exploration  environment. 

Usually  such  are  discovered  by  comparatively  cheap  expressive 
prospecting  methods.  The  leading  role  in  detecting  deposits  here 
usually  belongs  to  the  methods  directed  at  revealing  prospecting 
features,  while  exploration  premises  for  a  certain  region  are 
worked  out  not  in  a  sufficient  way.  Unlike  the  stage  scheme  of 
geologic-exploration  process  here  is  rather  often  used  a  shortened 
scheme  of  prospecting.  The  last  one,  under  favourable  conditions, 
makes  it  possible  to  find  deposits,  new  mineragenic  taxons  (fields, 
clusters  of  pipes  and  others)  escaping  whole  stages  of  investiga¬ 
tions.  An  important  feature  of  works  in  a  new  region  is  a  sufficient 
efficiency  of  using  in  practice  typical,  close  to  average  models  of 
targets  and  hosting  them  landscape-geological  environment,  which 
in  its  turn,  presupposes  as  possible  to  use  traditional  probability- 
statistical  algorithms  in  evaluation. 


For  the  model  of  geologic-exploration  works  in  the  regions  of  ope¬ 
rating  mining  enterprises  the  main  geologic-economic  task  is  to 
provide  the  operating  enterprise  by  additional  resources  for  pro¬ 
longing  the  term  of  profitable  existence.  The  volume  and  structure 
of  expenses  for  the  development  of  the  deposits  here,  in  compari¬ 
son  with  a  new  region,  sufficiently  differ,  and  accordingly  differ 
the  demands  of  industry  to  the  minimum  parameters  of  deposits. 

On  the  other  hand,  the  data  on  diamond  deposits  make  it  possible 
to  consider  that  summarised  resources  of  diamonds,  distributed 
in  a  large  quantity  of  small  and  average  deposits  of  one  region,  rather  often  can  be  equal  to  the  re¬ 
sources  concentrated  in  this  same  region  in  single  large  deposits.  From  these  positions  the  deposits 
smaller  in  size,  in  comparison  with  the  discovered  deposits,  become  the  targets  of  prospecting  works 
in  the  regions  of  operating  mining  enterprises.  And  due  to  the  methods  specific  features  of  carrying 
out  exploration  at  the  first  stage  they  include  large  deposits  as  well,  but  either  low-contrast  in  indica¬ 
tor  parameters,  or  occurring  in  unfavourable  prospecting  situations.  As  the  experience  of  works 
shows  such  targets  are  usually  found  when  applying  rather  complicated  combinations  of  prospect¬ 
ing  methods  and  carrying  out  significant  volumes  of  mining-bore  works.  While  doing  it  the  part  of 
methods  directed  at  detecting  a  target  only  by  prospecting  indications  decreases  and  the  part  of 
forecasting  with  application  of  the  revealed  local  and  narrow-local  prospecting  premises  increases. 
Accordingly  the  reduced  (shortened)  scheme  of  exploration  at  the  second  stage  becomes  low- 
effective  and  the  effectiveness  of  works  depends  either  on  the  details  of  working  out  and  the  degree 
of  practical  application  of  investigation  scheme  by  stages  or  on  substantial  increase  and  concentra¬ 
tion  of  the  volumes  of  mining-bore  works.  Here,  unlike  a  typical  model  of  a  target,  the  application 
in  practice  of  indicator  parameters  is  rather  limited,  those  parameters  which  characterise  in  average 
the  deposits  discovered  earlier.  Each  target  on  each  prospecting  area  should  be  considered  as  a  not 
typical,  but  rather  individual  phenomenon.  If  at  the  first  stage  of  works  the  solution  of  geologic- 
economic  task  was  achieved  by  discovery  of  some  quantity  of  targets  from  their  rather  large  avail¬ 
ability  in  nature,  then,  at  the  second  stage,  in  order  to  satisfactorily  solve  the  geologic-economic  task 
al  1  or  practically  all  minimum  industrial  deposits  must  be  discovered.  Prospecting  of  such  deposits 
is  usually  carried  out  on  local  perspective  areas.  It  fundamentally  changes  the  axiomatic  probability 
model  of  geologic-prospecting  works  efficiency  evaluation;  instead  of  a  model  of  detecting  many 
targets  out  of  the  many,  which  can  be  realised  on  large  areas,  it  is  necessary  to  use  the  models  of  de¬ 
tecting  single,  not  typical  targets,  out  of  the  single  ones  on  local  areas  (plots). 


Fig.  3  Relationship  "size- 
diamondiferous  property”  for 
different  kimberlite  fields. 
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STABILITY  FIELD  OF  FERRIC -FERROUS  GARNET  SKIAGITE  (Fe3Fe2Si30i2 ) 
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2.  Max-Planc-Institut  fiir  Chemie,  Abt .Kosmochemie,  Saarstr.23, 
D-6500  Mainz,  Germany 

Introduction.  The  composition  of  deep  seated  garnets  generally 
can  be  expressed  by  using  four  main  end-members:  pyrope,  almandi- 
ne,  grossular,  and  knorringite.  There  is  recent  evidence,  how¬ 
ever,  that  some  mantle  derived  garnets  contain  up  to  12%  ferric 
iron  (Luth  et  al.,  1990).  The  incorporation  of  Fe3+  in  Al-  and 
Cr-bearing  garnets  has  important  petrologic  implications.  The 
stability  of  garnet  peridotites  and  eclogites  should  be  depended 
not  only  on  P-T  conditions,  but  on  oxygen  fugacity  as  well. 

Garnet  could  be  an  important  F@3+-bearing  phase  in  the  upper  man¬ 
tle  area  of  spinel  unstability.  Moreover,  the  presence  of  F@3+  in 
garnet  seems  to  affect  the  geothermobar ©metric  estimates,  based 
upon  Mg-Fe  exchange  equilibria. 

Mossbauer  spectroscopy  of  garnets  indicates  that  F@3+  usually 
resides  on  the  octahedral  sites  (Amthauer  et  al.,  1976|  Woodland, 
O'Neill,  1993) .  Therefore  the  F@3Fe2Si30i2( skiagite)  can  be  assumed 
in  natural  multicomponent  garnets  along  with  other  garnet  end- 
members.  This  component  is  exceptionally  interesting  because  it 
contains  both  Fe2^  and  F@3+  cations  and  so  it  would  be  expected 
to  be  indicator  of  the  f02  environment.  According  to  available 
data  pure  Fe3F@2Si30i2  has  been  synthesized  only  at  pressure  no 
less  than  93-100  kbar.  Run  products,  apart  from  garnet,  included 
a  quantity  of  other  phases,  such  as  spinel  and  Si02  (Karpinskaya 
et  al.,  1982 |  Woodland,  O'Neill,  1993).  Schreyer  and  Bailer ( 1980 ) 
synthesized  manganese-iron  garnets  contained  9-18%  of  the  ekia- 
gite  molecule  at  30-35  kbar.  They  estimated  lower  pressure  limit 
for  pure  Fe3F@2Si30i2  at  60  kbar  by  using  Novak  and  Gibbs ( 1971 ) 
diagram  for  the  cation  radii  of  the  garnets.  Considering  that 
many  of  the  known  garnet  end-members  agree  satisfactorily  with 
this  diagram  the  main  purpose  of  this  work  was  to  verify  the  dis¬ 
crepancy  arisen  between  the  theoretically  predicted  and  experi¬ 
mental  results. 

Experimental  methods.  Experiments  were  concluded  in  a  multi¬ 
anvil  split  sphere  apparatus  in  pressure  range  50-65  kbar.  The 
pressure  cell  was  Zr02 -doped  CaO  cube  heated  by  a  graphite  resis¬ 
tance  heater.  Temperature  was  monitored  by  PtRh30~PtRh6  thermo¬ 
couples  located  in  the  immediate  vicinity  of  sample.  The  pressure 
at  room  temperature  was  calibrated  in  each  run  using  the  transi¬ 
tion  Bi  or  PbSe  and  PbTe.  Pressure  calibration  at  high  tempera¬ 
ture  was  performed  using  olivine  -  y-spinel  (Yagi  et  al.,  1987) 
transition.  The  pressure  uncertainty  is  estimated  to  be  +  2  kbar 
over  a  range  investigated.  The  starting  material  was  prepared  as 
a  mixture  of  metallic  Fe,  Fe203,and  Si02  high  pure  reagents  taken 
in  the  appropriate  proportion  to  provide  the  skiagite  composi¬ 
tion.  These  components  were  mixed  and  ground  under  acetone  in 
tungsten  carbide  mortar.  After  drying  at  70°C  in  vacuum  the 
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starting  material  was  sealed  in  An  capsule  by  electrical  weld. 

The  duration  of.  the  experiments  was  24'  to  50  hours.  The  run 
products  were  analyzed  by  interferometric  and  polarizing  micro¬ 
scopes,  X-ray  diffraction,  and  electron  microprobe.  The  powder 
dif fractograms  were  obtained  from  X-ray  diffractometer  scans  over 
the  range  16-80°  20  using  Ni-filtered  CuKa  radiation  and  Si 
( a=5 . 43088A°)  as  an  internal  standard.  Unit  cell  parameters  were 
calculated  by  the  least  square  technique  applied  to  values  of  2  0 
angles  measured.  The  elements  were  measured  in  energy-dispersive 
mode,  using  CAMECA  microprobe  (CAMEBAX  Microbeam)  at  the  Geologi¬ 
cal  Institute  of  Mainz  University,  Germany.  Calculation  of  garnet 
and  spinel  composition  assumed  the  ideal  stoichiometry  of  8  and 
24  cations  per  formula  unit,  respectively. 


Results  and  discussion.  The 
conditions  and  results  of  experi¬ 
ments  are  shown  in  fig.l.  Most  of 
the  runs  were  conducted  in  direc¬ 
tion  of  synthesis.  Two  runs  were 
performed  with  skiagite  seeds  (5- 
10%)  added  to  the  starting  mate¬ 
rial.  These  runs  did  not  give  the 
disagreement  with  other  experi¬ 
ments.  The  spinelgg,  coesite  and 
ferrosilite  were  present  in  all 
run  products  whereas  the  garnet 
appeared  at  pressure  60  kbar  and 
higher.  The  optical  features  of 
skiagite  are  the  same  as  de¬ 
scribed  by  Woodland  and  O'Neill 
(1993).  namely,  the  dark  red- 
brown  euhedral  grains.  The  quan¬ 
tity  of  skiagite  varies  in  run 
products  from  several  percents  to 
more  than  90%  in  run  at  65  kbar 
and  950°C.  It  was  from  this  run 
product  that  microprobe  analysis 
and  unit  cell  parameter  of  garnet 
were  obtained.  The  unit  cell  pa¬ 
rameter  of  skiagite  a0=l 1 . 7286 ( 3 )A°  determined  from  the  measure¬ 
ment  of  15  peak  positions  is  close  to  that  ( aQ=l 1 . 7278 ( 6 )A°)  re¬ 
ported  by  Woodland  and  O'Neill  (1993).  The  results  of  microprobe 
analysis  converted  from  total  FeC  value  to  FeO  and  Fe203  are  pre¬ 
sented  in  table  1.  The  garnet  is  very  homogenous  and  corresponds 
to  the  skiagite  composition.  The  spinel  shows  some  varies  in  y- 
fayalite  component  content.  The  phase  relations  at  high  pressure 
in  the  system  Fe-Si-0  are  out  of  the  questions  of  this  short  pa¬ 
per  and  seem  to  invite  further  investigations,  although  it  can  be 
done  some  preliminary  conclusions.  Spinel  phase  can  form  the  wide 
hematite  -  y-fayalite  solid  solution  at  studied  P-T  conditions. 
The  Fe2+/Fe3+  ratio  of  spinelgg  (i.e.,  content  of  y-fayalite  compo¬ 
nent)  controlling  by  medium  conditions  may  have  influence  on  pos¬ 
sibility  of  Fe3Fe2Si30i2  garnet  formation.  According  to  performed 
experiments  the  most  probably  area  of  the  lower  pressure 


Fig.  1 .  The  probable  area  (shaded)  of  the 
lower  pressure  boundary  of  skiagite.  Filled 
points  -skiagite  is  present;  Open  -  skiagite  is 
absent;  squares  -  runs  with  seeded  skiagite. 
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Table  1 .  Microprobe  analyses  of  garnet  and  spinel  from  run  at 
65kbar,  950°C  (total  FeO  are  converted  to  FeO  and  Fe203) 


garnet 

spinel 

Si02 

32.47 

32.36 

32.32 

16.69 

16.94 

16.35 

16.47 

15.35 

Fe20s 

28.66 

28.89 

28.81 

29.12 

28.77 

29.58 

30.43 

32.29 

FeO 

38.33 

38.70 

38.65 

53.02 

53.47 

52.42 

53.10 

51.25 

total 

99  96 

99  95 

99.78 

98.83 

99.18 

98.35 

100.00 

98.89 

l~Si  1 

3.003 

2.994 

2.995 

4.829 

4.880 

4.759 

4.719 

4.465 

Fe3+ 

1.994 

2.011 

2.009 

6.341 

6.237 

6.480 

6.560 

7.068 

Fe2+ 

3.003 

2.995 

2.996 

12.830 

12.883 

12.762 

12.722 

12.468 

8.000 

8.000 

8.000 

24.000 

24.001 

24.001 

24.001 

24.001 

1  7-Fa 

- 

- 

60.4 

61.0 

59.5 

59.0 

55.8 

boundary  of  skiagite  is  shown  on  the  fig.l.  This  garnet  can  exist 
at  pressure  about  60  kbar  as  it  was  predicted  by  Schreyer  and 
Bailer  (1980).  This  experimental  result  disagreed  with  other 
known  ones  suggests  that  the  stability  of  Fe3Fe2Si30i2  garnet  is 
determined  not  only  by  P  and  T  but  substantially  by  oxygen  fugac- 
ity  as  well.  The  possibility  of  fC>2  variations  in  different  cell 
assemblages  must  not  be  ruled  out  and  buffering  technique  should 
be  used  in  further  investigations  of  ferric-ferrous  contained 
phases . 
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FROM  KIMBERLITES,  KIMBERLITE-LIKE  ROCKS  AND  ALKALINE  BASALTOIDS. 

Urumova  G.l 

East-Siberian  Research  Institute  of  Geology,  Geophysics  and  Mineral  Resources, 
Irkutsk,  Russia. 

The  endogenous  history  of  formation  of  kimberlites,  kimberlite-like  rocks  and  alkaline 
basaltoids  is  rich  in  events,  which  have  left  its  marks  on  the  minerals,  making  up  these 
rocks.  A  great  variety  of  macroforms,  microsculptures  and  diverse  microstructures  on 
the  minerals  reflect  the  influence  of  mineral  formation  and  alteration  conditions  from 
mantle  to  near-surface  depths.  It  is  promising  to  use  onthogenetic  approach,  as  well  as 
the  macro-  and  microcriystallomorphologscal  analysis  methods  during  their  studies. 

The  author  has  studied  some  West  Jakutian  kimberlites  and  kimberlite-  like  rocks  in 
Krasnojarsk  District  as  well  as  alkaline  basaltoids  from  Transbaikalian  Cenozoic 
volcanos  and  also  the  mineralogy  of  some  ulfrabasic  massiffs  in  Krasnojarsk,  Irkutsk 
and  Amurian  Districts.  Besides,  for  comparison,  garnets,  ilmenites  and  spinels,  their 
shapes  and  surface  topography,  from  pegmatites,  scarns,  hydrothermolites  and  various 
metamorphic  and  sedimentary  rocks  were  studied.  The  aim  of  this  research  was  to 
establish  typomorphic  properties  of  the  mineral  growth  and  change  depending  on 
various  formation  conditions. 

The  most  attention  was  paid  to  kimberlite  indicator  minerals.  Collection  of  specimens 
and  minerals  from  kimberlites  with  diverse  thermodynamic  and  physico-chemical 
conditions  of  formation  and  with  different  erosion  shear  were  examined  including 
"blind”  Odintsov  pipe  and  diatreme  with  crater  bowls  filled  by  volcano-sedimentary 
deposits  in  Alakit-  Markhinsky  kimberlite  area  and  some  diatremes  with  considerable 
erosion  shear  from  the  Malaya  Botuobiya  field. 

Research  methods  include  macroobservation  of  specimens  and  minerals,  their  study 
under  binocular  microscope  and  detailed  exploration  of  mineral  surface  under 
metallographic  and  electron  microscopes  (REM  and  TEM).  As  a  result  the  Atlases  for 
all  3  types  of  rocks  were  created.  They  contain  common  and  rare  mineral  macroforms, 
such  as  oval,  irregular-rounded,  ball-like,  'dog-tooth’-shaped  grains  and  also 
crystallografic  forms,  reflecting,  in  some  cases,  the  character  of  the  mineralogenefic 
environment,  in  others  the  character  of  interaction  of  xenogenetic  minerals  with  the 
melt,  transporting  them  as  well  as  with  hydrothermal  solutions. 

The  kelyphytic  rims,  formed  on  the  pyropes  at  different  levels  of  the  magmatic 
column  under  unequilibrated  conditions,  have  preserved  the  sculptures  which  may 
show  evidence  of  physico-chemical  and  thermodynamical  parameters  of  this 
interaction.  The  results  of  examination  of  these  and  other  sculptures  are  presented  in 
the  Atlases.  There  are  the  photographs  of  melting  cones,  corrosion  sculptures  of 
thermochemical  etching  such  as  pits,  ducts,  ’stars',  drop-like  ones,  a  well  as 
dislocative  loops  and  margins,  microcraking,  aggregetiv©  structures  and  other  photo¬ 
traces  of  fragile,  elastic  and  plastic  deformations.  There  are  also  photos  of  mineral 
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inclusions  in  xenoliths  and  groundmass  from  kimberlites  and  also  microphotos  of 
pyrites,  magnetites  and  perowscits  overgrown  the  indicator  kimberlite  minerals 

Experimental  investigations  such  as  the  thermochemical  dissolving  of  minerals  by 
alkalis  and  dissolution  by  cold  acids  were  carried  out  and  unique  photographs  were 
obtained.  They  may  be  used  for  better  understanding  of  the  nature  of  hydrothermal  and 
hypergenetic  sculptures. 

Deciphering  the  obtained  information  from  position  of  theories  of  growth  and 
solution,  melting,  deformation,  defectology  and  other  modern  theories  will  make  it 
possible  to  contribute  to  knowledge  on  the  conditions  of  the  formation  and  alteration 
indicator  kimberlite  minerals  from  above-mentioned  types  of  rocks,  to  determine  the 
signs  of  deep  and  near-surface  melting,  hydrothermal  solution  and  regeneration,  fragile 
and  plastic  deformation  etc. 

Morphogenetic  classifications  were  made  up  using  the  generalized  available  data. 

An  attempt  was  made  to  define  the  unified  logical  sequence  of  events  on  the  basis  of 
sculpture  age  correlation  and  to  develop  a  mineralogenetsc  models  both  of  each 

diatreme  and  an  ideal  kimberlite  column. 

Specific  morphoscufptures  of  pyrops,  magnesium  ifmenites  and  chrome-spinelids 
typical  for  kimberlites,  kimberSite-Sike  rocks  and  alkali  basaltoids  were  determined. 

The  author  tried  to  connect  the  morphological  properties  of  diamond  indicative 
minerals  with  the  productivity  of  kimbeSite  bodies. 

There  were  found  the  mineralogical  signs  of  'blind'  kimberlite  bodies.  They  are 

primary  perovskite  haloes  in  enclosing  rocks. 

The  morphological  classifications  and  Atlases  can  be  used  to  determine  both  the 
genetic  origin  of  the  indicative  minerals,  and  their  relation  to  discovered  kimberlite  pipes 
and  those  to  be  prospected  as  well  as  to  help  in  determining  the  preservation  degree  of 
the  diamond  indicator  minerals  from  concentric  haloes  and  thereby  to  facilitate  more 
effective  diamond  prospecting  by  concentration  mineralogical  method. 
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PETROLOGICAL  FEATURES  OF  DIAMONDIFEROUS  MAGMATISM 

Vaganov  V.I. 
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Moscow,  Russia. 

The  facts  of  finding  diamonds  in  rocks  widely  varying  incomposition  (kimberlites, 
lamproites,  lamprophyres,  alkalinebasaltoids)  give  rise  to  revised  setting  of  a  problem 
concerning  the  formation  of  mantle-derived  diamondiferous  rocksand  their  genetic  interrelations. 
This  problem  is  considered  on  the  basis  of  estimation  of  thermodynamical  parameters 
characterizing  the  formation  of  corresponding  melts  (temperature,  pressure,  oxygen 
fugacity)  performed  by  means  of  a  set  of  original  thermobarometers  and  fugometers. 

Kimberlitic  melts  are  generated  in  1300-1600  C  temperature  range  (predominantly  1350-1450 
C),  1. 0-7.0  GPa  pressure  range  (predominantly  5. 5-6. 5  GPa),  and  oxygen  fugacity  range 
between  EMOD  (QFM)  and  WM  buffers.  The  character  of  kimberlite  points  distribution  in  PT 
diagramm  corresponds  to  the  configuration  of  the  experimentally  fixed  solidus  in  peridotite  - 
C02-H20  system. 

Kimberlitic  magmas  stem  from  comparatively  high  degrees  of  melting  of  carbonatized  and 
metasomatized  ilmenite-containing  upper-mantle  garnet  lherzolite  in  the  presence  of  carbonic 
acid  -aqueous  fluid.  As  the  melting  degree  increases,  comparatively  low-parametric  and  low- 
magnesial  high-carbonaceus  kimberlitic  melts  give  was  to  high-parametric  and  high- 
magnesial  "water-enriched"  melts.  The  melting  process  develops  simultaneously 
throughout  the  whole  vertical  section  of  the  magma-generating  zone,  thus  resulting  in  the 
formation  of  numerous  isolated  portions  of  kimberlitic  magma  differing  in  composition 
(depending  on  P,T  and  melting  degree,  this  latter  being  known  to  increase  down  the  section). 
The  "terminal"  kimberlite  constituting  concrete  pipes  is  a  result  of  mixing  of  different  melt 
portions. 

A  symmetrical  substantial  and  thermodinamical  zonation  has  been  found  to  be  present  in  the 
structure  of  kimberlite  fields.  This  zonation  is  due  to  spatiotemporal  evolution  of  magmatism 
within  the  boundaries  of  a  kimberlite-controlling  zone.  Vertical  thermal  structure  of 
kimberlite-generating  zones  has  been  revealed  and  examined. 

Lamproitic  magmas  are  generated  in  wide  temperature  (1 100-1500  C)  and  pressure  (0.6- 
6.5  GPa)  ranges.  Lamproites  when  considered  as  a  whole  are  somewhat  lower-baric  and 
lower-temperature  formations  as  compared  to  kimberlites;  similar  to  kimberlites  in  these 
parameters  are  olivine  lamproites  of  Australia  and  Prairy-Creeek  (USA). 

Lamproitic  magmas  are  of  polyformation  nature.  They  are  generated  in  the  course  of 
evolution  of  different-composition  deep-seated  alkali-ultrabasic  -  alcali-basaltoid  melts  enriched 
with  carbonic  acid-aqueous  fluid  as  a  result  of  the  effect  consisting  in  that  the  melts  lose  a 
large  proportion  of  juvenile  carbonic  acid  which  is  accompanied  by  a  low-contrast  magmatic 
splitting.  The  "residual"  melts  exibit  lamproitic  characteristics  and  are  in  balance  with 
essentially  aqueous  fluid.  The  natural  analogue  of  such  a  process  would  be  the  liquation 
splitting  in  the  "kimberlite  matrix-autolith"  pair. 
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DIAMONDIFEROUS  MAGMATISM:  MINERAGENETIC  TAXONS 
AND  PREDICTION-PROSPECTING  MODELS. 

Vaganov  V.I.,  Varlamov  V. A., Feldman  A. A. 

Olofinsky  L.N.,Prusakova  N. A., Boyko  A.N . 

Golubev  Yu.K. 

Central  Research  Institute  of  Geological 
Prospecting  for  Base  and  Precious  Metals 
(TsNIGRI),  Varshavskoye  sh.,129B,  113545, 

Moscow,  Russia 

Integrated  prediction-prospecting  models  of  search  targets  relevant  to  different  minerage- 
netic  taxons  form  a  basis  for  regional  forecast  derivations.  As  applied  to  diamondiferous  mag- 
matism,  these  are,  first  and  foremost,  a  mineragenetic  zone,  a  field  and  a  cluster  (group)  of  bod¬ 
ies. 

Mineragenetic  zones  are  distinguished  essentially  by  their  geological-structural  peculiarities, 
i.e.  by  practically  observable  sedimentary  cover  and  crystalline  basement  structures.  As 
regards  deep-seated  structure  reconstructed  by  geophisical  data,  all  the  zones  are  of  a  common 
type  and  may  be  covered  by  a  common  term  of  an  enhanced-permeability  belt.  In  respect  to 
geological-structural  setting,  three  major  types  of  mineragenetic  zones  are  recognized  (in  the 
order  of  decreasing  markedness  of  their  manifestation  in  geological  fields):  a  platformal 
mobile  zone;  a  shoulder  part  of  rifts  and  aulacogens  (an  areas  of  differentiated  block  move¬ 
ments);  a  zone  of  crowding-together  hidden  basement  faults.  Each  type  of  zones  is  examined 
using  its  characteristic  prediction-prospecting  models. 

The  essentials  of  a  prediction-prospecting  model  of  a  field  are  the  following:  the  fact  of 
crossing  of  the  mineragenetic  zone  by  transverse  zones  of  tectono-magmatic  activization; 
dome-shaped  (dome-block)  uplift  in  crystalline  basement  and/or  sedimentary  cover  rocks;  a 
positive  annular  morphostructure;  annular  and  arc-shaped  faults  in  lower  sedymentary 
cover  levels;  a  change  in  potential  field  structure  consisting  in  that  extended,  medium-frequency 
linear  anomalies  give  way  to  isometrically-shaped  ones  and  to  a  broad  spectrum  of  high- 
frequency  anomalies,  therewith  4-12  mgl  decrease  in  g  field  level  is  observed;  increased  bound¬ 
ary  velocities  along  the  upper  mantle  surface  ;  the  presence  of  rather  high  number 
of  zones  with  velocity  inversion  in  lithosphere;  a  regional  magnetic  field  high;  an  areal  anom¬ 
aly  of  heightened  electrical  resistance  in  lithosphere  and  upper  mantle  at  depths  of 
40-400  km,  about  60  km  in  diameter;  short-and  long-range  washdown  heavy-mineral  diper- 
sion  haloes.  While  slightly  varying  from  region  to  region  and  from  one  genetic  type  to  an¬ 
other,  the  field  model  remains  rather  stable  in  its  essentials,  which  is  likely  to  point  to  certain 
structural  commonness  for  any  mantle  -origin  volcanism  manifestations  occurring  in  platforms. 

The  essentials  of  a  prediction-prospecting  model  for  a  body  cluster  are  as  follows:  the  pres¬ 
ence  of  a  raised  basement  block;  an  isometrical  small-amplitude  dome-shaped  uplift  in 
cover  rocks;  presence  of  short-range  washdown  heavy-mineral  dispersion  haloes;  the  fact  of 
localization  of  the  area  under  study  within  the  boundaries  of  a  kimberlite-controlling  subzone 
marked  out  essentially  by  geophysical  data;  presence  of  a  combined  positive  local  gravimag- 
netic  anomaly. 

Petrological  analysis  allows  distinguishing  at  least  four  series  of  diamondiferous  rocks: 
essentially  kimberlitic;  essentially  lamproitic;  intermediate  kimberlite-lamproitic 
(lamproite-kimberlitic);  ultramafitic  lamprophires.  The  main  factor  determining  the  genetic 
type  of  series  and  the  average  diamond  content  is  the  metallogenetic  zone  type.  For  instance, 
classic  kimberlites  with  large  and  unique  diamond  deposits  are  known  to  be  confined  to  zones  of 
hidden  basement  faults;  flange  zones  of  rifts  and  aulacogens  typically  control  the  occurrence 
of  kimberlite-lamproitic  rocks;  rocks  of  lamproitic  series  are  rather  characteristic  for  mobile 
zones;  at  last,  poorly-diamondiferous  ultramafitic  lamprophyres  are  localized  within  the 
rifts  and  aulacogens. 
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PETROCHEMICAL  TYPES  OF  KIMBERLITES 
OF  THE  MAJOR  DIAMOND  DEPOSITS  OF  YAKUTIA 


V.B .Vasilenko,  N.N .Zinchuk,  L.G.Kuznetsova,  Y.P.Sercnko,  and  DA.Budw.cv 

Institute  of  Mineralogy  and  Petrography,  Siberian  Branch  of  the  RAS, 
Novosibirsk,  630090,  Russia 

Almazy  Rossii-Sakha  Co.Ltd,  Chemyshevsky  Shoose  (road),  Mirny, 
Republic  Sakha  (Yakutia),  678170,  Russia 

The  major  diamond  deposits  in  Yakutia  are  composed  of  basaitoid  type 
kimberlites  with  a  uniform  set  of  rock-forming  minerals.  Variations  in  their 
amounts  form  substance  types  of  kimberlites.  Isolation  and  investigation  of  the 
substance  types  of  kimberlites  is  entirely  possible  only  on  the  basis  of 
quantitative  description  of  their  composition  and  probability-statistical 
comparison.  The  chemical  composition  of  rocks  and  taxonomic  methods  of 
establishing  their  petrochemical  types  appeared  to  be  the  best  for  these 
purposes. 

Database  on  the  considerable  quantity  of  chemical  analyses  of  kimberlites  of 
major  deposits  is  structured  on  the  basis  of  taxonomic  methodology,  using 
dinamic  cluster  analysis  [Diday,  1973]. 

Populations  of  kimberlites  are  separated  as  the  main  structural  types  (Table  1), 

Table  1 


Composition  of  kimberlite  populations 
(n  =  3 1 23) 


Popu¬ 

lation 

0 

Si02 

Ti02  A1203 

Fe203  FeO  MgO  CaO  Na20  K20  P2Q5 

1 

398 

28 

.69 

0. 

.44 

2.65 

3.14 

2.21 

23 

.98 

13.77 

0. 

55 

0.74 

0.48 

2 

1040 

27. 

.08 

0. 

82 

2.28 

3.85 

2.31 

25. 

67 

14.67 

0. 

16 

0.52 

0.28 

3 

1660 

28. 

,93 

1 

,14 

2.01 

4.87 

2.45 

29 

.41 

9.64 

0. 

.19 

0.45 

0.40 

4 

358 

28. 

.87 

1 

.35 

2.04 

4.97 

2.90 

29. 

13 

10.27 

0. 

19 

0.49 

0.36 

5 

413 

29 

.29 

1 

.63 

1.99 

5.32 

2.52 

26. 

.64 

IS. 43 

0. 

.21 

0.37 

0.27 

6 

1 

254 

29. 

,87 

2. 

16 

2.S8 

5.93 

184 

30. 

.13 

7.53 

0. 

12 

0.35 

0.36 

A  typo  chemical  feature  of  the  populations  is  the  Ti02  distribution  —  rather 
stable  inside  the  populations  and  discrete  between  them. 

Compositional  variations  within  populations  are  caused  by  antagonism  of  CaO 
and  MgO.  A  discrete  behavior  of  this  antagonism  governs  separation  of  these 
populations  into  varieties. 

Kimberlites  of  various  populations  are  distributes  irregularly  in  diatremes 
(Table  2).  Kimberlites  with  lower  titanium  contents  are  typically  surrounded  by 
populations  with  higher  titanium  contents. 
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Table  2 


Distribution  of  kimberlitepopulations  (%)  inside  diatremes 


Diatreme  Number  of 
analyses 

1 

Populations 

2  3  4 

5 

6 

Aikhal 

141 

97.9 

2.1 

Intematsi- 

171 

96.9 

3.1 

onal'naya 

Udachnaya-west. 

710 

96.5 

3.5 

Udachnaya-east. 

441 

13.4 

32.6 

54.4 

Yubileinaya 

619 

45.0 

55.0 

Mir 

547 

4.4 

4.6 

23.0 

21.9 

33.8 

12.2 

Sitikanskaya 

424 

2.1 

53.8 

44. 1  | 

The  diamond  content  of  kimberlite  populations  decreases  with  increasing  Ti02 
contents.  Regressive  analysis  of  800  observations  of  chemical  composition  and 
diamond  content,  divided  into  30  cluster  groups  allowed  establishment  of  a 
close  relation  between  the  chemical  composition  of  kimberlites  and  their 
diamond  content.  The  correlation  between  real  and  calculated  values  of 
diamond  content  is  +  0,75. 

The  composition  of  kimberlite  populations  reflects  their  genetic  properties.  A 
decrease  in  Ti02  and  Fe203  contents,  -accompanied  by  an  increase  in  K20,  in 
populations  is  a  result  of  a  successive  deepening  of  melting  of  kimberlite  melts. 
When  the  pressure  grows,  the  amount  of  titanium,  redistributed  into  refractory 
phases  of  mantle  peridotite,  increases  [Ringwood,  1981],  while  its  content  in 
selective  fusions  must  decrease. 

The  elevated  K20  content  in  clinopyroxenes  of  deep-seated  assotiations 
[Sobolev,  1974]  governs  its  level  in  selective  fusions. 

The  established  population  types  of  diamondiferous  kimberlites  are  reproduced 
(in  main  features)  when  used  for  structuring  petrochemical  database  of  soft¬ 
ware  product  SAS  STAT. 

The  typochemical  role  of  Ti02  in  kimberlites  has  a  global  character.  This  is 
indicated  by  the  coincidence  of  distributions  of  Ti02  concentrations  for  studied 
deposits  with  the  distribution  of  Ti02  in  kimberlites  of  the  Kimberley  province 
(South  Africa)  (Fig.  1).  The  chemical  composition  of  kimberlites  of  South  Africa 
are  characterized  on  the  basis  of  literature  data. 

The  variant  of  population  structure  of  kimberlites  of  South  Africa  (Table  3) 
reproduces  the  main  features  of  population  types  of  Yakutian  kimberlites.  Some 
differences  in  the  bulk  composition  of  kimberlites  of  Yakutia  and  Kimberley 
province  are  governed  by  the  absence  of  the  most  deep-seated  population  in  the 
latter  and  less  exhausted  mantle  under  this  province. 
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Table  3 


Average  compositions  of  isotitanium  populations 
of  kimberlites  of  Kimberley  province 


[Popu¬ 

lation 

n 

Si02 

Ti02 

A1203 

Fe203 

MgO 

CaO 

Na20 

K20 

P205 

!  i 

Population  1  is  absent  in  Kimberley  province 

2 

25 

36.22 

0.80 

4.51 

8.82 

22.71 

9.47 

0.92 

1.14 

0.57 

|  3 

5 

34.69 

1.15 

4.57 

9.17 

24.38 

7.82 

1.04 

1.45 

1.68 

4 

11 

32.93 

1.53 

3.78 

8.98 

24.16 

10.67 

0.34 

3.14 

1.32 

5 

8 

34.71 

1.83 

3.54 

9.01 

26.36 

8.28 

0.53 

0.32 

1.23 

6 

5 

30.25 

2.09 

2.67 

9.26 

28.81 

10.71 

0.83 

0.83 

1.01 

Note:  n  --  is  the  number  of  analyses;  *  --  the  average  for  pipes  included;  all  iron 
recalculated  in  terms  of  Fe203. 


Fig.  1.  Distribution  (in  relative  percentage)  ofTi02  contents  in 
kimberlites  of  Yakutia  (1)  and  Kimberley  province  (2). 
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PETROLOGY  OF  THE  POSTMASBURG  KIMBERLITES 


Viljoenl,K.S.,  Skinner^E.M.W.  and  Loubser^,  J.M. 

1 .  Anglo  American  Research  Laboratories  (PTY)  Ltd,  P.O.  Box  106,  Crown  Mines,  2025, 
South  Africa. 

2.  De  Beers  Consolidated  Mines  Ltd,  Geology  Division,  P.O.  Box  47  Kimberley,  8300,  South 
Africa. 

In  an  area  of  approximately  100  by  50  km,  surrounding  the  Finsch  Diamond  Mine  in  the 
Northern  Cape,  South  Africa,  some  38  Group  2  kimberlites  and/or  kimberlite-like  intrusives, 
probably  of  similar  age,  occur  within  what  is  termed  the  Postmasburg  Area.  Little  geological 
evidence  exists  at  surface  to  indicate  that  these  bodies  should  be  separated  from  other  Group  2 
kimberlites  in  this  region  of  the  Kaapvaal  Craton.  However,  the  geographic  distribution  of  specific 
rock  types  within  this  area  suggests  that  a  distinct  lithospheric  domain  may  be  defined. 

The  area  is  intruded  by  several  diamondiferous  and  barren  Group  2  kimberlites  together 
with  other  kimberlite-like  rocks.  The  latter  include  two  bodies,  located  in  the  south-east,  which 
are  classified  by  Tainton  (1992)  as  olivine  lamproites  (Blaauwklip  -  PK36  &  Mooiplaats  -  PK37). 
These  intrusives  contain  olivine  phenocrysts  in  a  groundmass  consisting  of  phlogopite,  diopside 
(often  very  coarse-grained  and  abundant  e.g.  Mooiplaats),  leucite  (only  in  Blaauwklip)  and 
sanidine.  Almost  identical  rocks  have  now  been  identified  immediately  to  the  north  of  the  town  of 
Postmasburg  (Postmas  02  -  PK1 1  &  Compass  -  PK22).  The  rocks  described  by  Tainton  (op.  cit.) 
are  relatively  isolated  from  other  intrusives  whereas  those  to  the  north  of  Postmasburg  occur  in 
close  proximity  to  a  variety  of  other  kimberlitic  rock  types.  These  range  from  Group  2 
kimberlites,  such  as  the  West  End  pipe,  which  are  free  of  late-stage  amphibole,  leucite  or  sanidine, 
to  Group  2  kimberlites,  such  as  the  Makganyene  pipe  complex  which  in  parts  contains  some  of 
the  late-stage  mineralogical  features  akin  to  olivine  lamproites.  All  of  the  lamproitic  rocks  in  this 
domain  contain  relatively  abundant  olivine.  No  olivine-poor  or  olivine-absent  lamproites,  which 
are  typical  of  lamproite  provinces  elsewhere  in  the  world,  exist. 

The  lamproitic  intrusives  of  the  Postmasburg  area  are  characterised  by  elevated  Si02  and 
K2O  contents  and  lower  MgO  contents  relative  to  the  Group  2  kimberlites  in  this  region  (fig  2  & 
3).  Preliminary  isotopic  data  indicate  derivation  of  both  lamproitic  rocks  and  Group  2  kimberlites 
from  a  mantle  source  characterised  by  time-averaged  incompatible  element  enrichment. 

The  petrological  evidence  obtained  in  this  study  indicates  that  the  olivine  lamproites 
represent  end-members  of  a  spatially  and  temporally  related  suite  of  rocks  that  are  dominated  by 
Group  2  kimberlites.  A  model  of  related  petrogenesis  for  all  of  the  observed  petrographic  variants 
is  proposed. 
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Figure  1.  Distribution  of  kimberlites  and  related  rock  types  in  the  Postmasburg  area. 


654 


28°  00' _  _ _ _ 28°  45* 


Figure  2.  Plot  of  MgO  vs  SiC>2  for  Postmasburg  area  kimberlites  and  lamproitic  intrusives.  Data 
sources  this  study,  Fraser  and  Hawkesworth  (1992)  and  Tainton  (1992). 


Figure  3.  Plot  of  K2O  vs  Ti02  for  Group  1  kimberlites  (Wesselton  and  Kaalvallei)  in  relation  to 
the  Postmasburg  kimberlites  and  lamproitic  intrusives.  Data  sources  this  study  as  well  as  Fraser 
and  Hawkesworth  (1992),  Shee  (1985),  Stiefenhofer  (1989)  and  Tainton  (1992). 
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DEEP  SEISMIC  STRUCTURE  AND  KIMBERLITES  OF  THE  KAAPVAAL 
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(1)  Institute  of  Physics  of  the  Earth,  B. Gruzinskaya  10,  123810  Moscow,  Russia 

(2)  Bernard  Price  Institute  if  geophysical  Research.  University  of  the 
Witwartersrand,  Johannesburg,  PO  WITS  2050,  South  Africa 

The  Kaapvaal  craton  in  South  Africa  is  remarkable  by  the  intensive 
Jurassic-Cretaceous  kimberlite  magmatism.  Some  inclusions  in  kimberlites  could 
be  brought  from  depths  in  excess  of  300  km,  and  it  is  even  possible  that  the 
ultimate  source  regions  of  kimberlites  lie  in  the  mantle  transition  zone  (Ringwood 
et  al.  1992).  No  seismic  data  that  could  resolve  specific  features  of  the  mantle  at 
these  depths  have  been  published  so  far  either  for  the  Kaapvaal  craton  or  any 
other  kimberlite-intruded  region.  The  Kaapvaal  craton  belongs  to  the  high 
plateaus  of  southern  and  eastern  Africa  that  together  with  the  region  of 
anomalous  bathymetry  in  the  southeastern  Atlantic  form  a  superswell  (Nyblade 
and  Robinson  1994).  Various  parts  of  this  superswell  have  broadly  similar  uplift 
histories  in  the  Mesozoic  and  Cenozoic.  There  are  indications  that  the  uplift  is 
caused,  at  least  partly,  by  hotspot  heating  of  the  subcrustal  lithosphere,  although 
within  the  Kaapvaal  craton,  heat  flow  data  give  no  evidence  of  a  thermal 
perturbation. 

We  performed  the  analysis  of  deep  structure  of  the  Kaapvaal  craton  by 
using  teleseismic  P-to-S  converted  phases.  The  techniques  based  on  the 
observations  of  these  phases  provide  unsurpassed  resolution  for  the  S  velocity 
gradients  at  depths  exceeding  300  km.  The  records  were  obtained  at  8  digital 
broad-band  seismograph  stations.  The  Ps  seismic  phases  that  are  converted 
from  P  to  S  in  the  mantle  at  the  receiver  side  of  the  wavepath  are  recorded  in  the 
tail  of  the  P  wave  pulse  with  an  amplitude  on  the  order  of  a  few  per  cent  of  the  P 
wave  amplitude.  To  detect  such  weak  phases,  a  special  signal  processing 
technique  is  required.  The  major  component  of  this  technique  is  stacking  the 
records  of  the  same  station  or  the  same  group  of  stations  with  appropriate 
moveout  time  corrections.  We  have  stacked  more  than  40  records  and  detected 
two  mantle  converted  phases.  One  is  related  to  650  km  discontinuity,  the  other  - 
to  400  km  discontinuity.  The  waveform  of  the  latter  is  strongly  different  from  the 
waveform  of  the  parent  P  wave  phase.  The  waveform  inversion  for  the  400  km 
phase  suggests  that  the  S  wave  velocity  in  the  depth  range  between  370  km  and 
480  km  beneath  the  Kaapvaal  craton  is  a  few  per  cent  lower  than  the  standard 
values. 

Analyses  of  the  mantle  Ps  phases  have  been  made  so  far  for  a  number  of 
continental  stations,  but  the  anomaly  comparable  with  that  found  in  South  Africa 
has  never  been  observed.  Numerous  velocity  models  derived  from  various  kinds 
of  seismic  data  for  many  regions  usually  show  that  in  the  interval  between  300 
and  650  km,  the  velocities  rise  with  depth.  Some  complications  may  exist  in  the 
presently  active  subduction  zones,  but  outside  subduction  zones,  this 
phenomenon,  if  present,  is  very  rare.  With  the  indications  of  heating  of  the  upper 
mantle  in  southern  Africa  taken  into  account,  the  low  velocity  layer  near  400  km 
depth  can  be  explained  with  elevated  temperature  that  comes  close  to  the  solidus 
temperature.  Part  of  the  low  velocity  zone  may  correspond  to  the  layer  enriched 
in  sodium,  potassium,  iron,  incompatible  elements  and  volatiles  (Gasparik  1992). 
This  layer  may  contain  water  stored  in  dense  hydrous  magnesium  silicates,  like 
K-amphibole  (Thomson  1992).  If  temperature  is  elevated  by  a  thermal  plune, 
water  is  released  by  dehydration,  temperature  of  the  mantle  solidus  is  lowered 
and  melts  are  formed.  The  370  km  discontinuity  may  separate  the  root  of  the 
craton  which  migrates  coherently  with  the  plate,  from  the  underlying  mantle.  The 
S  velocity  above  the  discontinuity  is  higher,  because  the  root  may  have  a 
different  composition  and  a  higher  solidus  temperature  (Jordan  1988). 

Ages  of  a  group  of  south-African  kimberlites  decrease  linearly  from  about 
200  Ma  in  the  North-East  of  the  study  region  to  about  100  Ma  in  the  West, 
suggesting  that  their  origin  is  related  to  the  passage  of  the  plate  over  a  hot  spot 
(Skinner  1989).  In  the  Mesozoic,  southern  Africa  moved  across  several  hot  spots, 
that  now  reside  in  the  adjacent  region  of  the  Atlantic  (Morgan  1983).  Hence, 
there  are  reasons  to  suggest  that  the  low-velocity  layer  or  its  rudiment  were 
present  beneath  the  Kaapvaal  craton  already  in  the  Mesozoic,  and  it  might  serve 
as  a  "protosource”  for  kimberlites. 
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IMPACT  DIAMONDS:  THEIR  FEATURES,  ORIGIN  AND  SIGNIFICANCE 


Sergei  A  VISHNEVSKY*,  Valentin  P  AFANAS’EV*,  Vasily  I  KOPTIL  ** 

*  -  Inst.  Mineral  &  Petrol.,  Novosibirsk-90,  630090,  RUSSIA,  **  -  Almazy  RUSSIA-Sakha  Co. 
Ltd.,  7  Chernyshevsky  str.,  Mirny,  678170,  RUSSIA. 

1  The  impact  diamonds  have  been  discovered  in  various  natural  objects  either  of  parental  (mete¬ 
orites  and  rocks  of  astroblems)  or  secondary  collector  (various  sedimentary  rocks)  type  The  first 
find  of  the  diamonds  (its  origin  was  established  later)  was  made  by  Profs.  M.V.  Erofeev  and  PA 
Lachinov  in  1 888  [3],  Then  the  diamonds  were  found  both  in  another  carbonaceous  chondrites- 
ureilites  and  Fe  meteorites.  The  first  occurrence  of  the  diamonds  from  the  terrestrial  astroblems 
was  discovered  in  the  Popigai  crater  in  1971  [11];  then  they  were  found  in  the  Ries  [13]  and  Ka¬ 
ra  craters  [4]  and  in  some  other  impact  sites  [14],  Re-deposited  impact  diamonds  are  known  from 
sedimentary  rocks  in  various  Regions  [12  and  others].  The  finds  in  metamorphic  rocks  [8]  seem  to 
be  the  old  re-deposited  diamonds.  The  diamonds  in  globally-dispersed  material  derived  from  the 
large  impact  craters  [15]  can  be  selected  as  a  special  type  re-deposited  by  impact.  The  so-called 
“colloidal”  diamonds  found  in  meteorites  [9]  are  hardly  impact  ones. 

2.  The  diamonds  described  (mainly  0. 1-0.5  mm  in  size,  rarely  up  to  1-5  mm)  are  colored  differe¬ 
ntly:  colorless,  white,  yellow,  gray  and  dark-gray  to  black  grains;  yellow  and  dark  ones  are  the 
most  widespread  The  yellow  coloration  is  supposed  to  be  connected  with  the  lonsdaleite  impuri¬ 
ty  whereas  the  dark  one  -  with  the  impurity  of  graphite  The  transparent  and  translucent  grains 
are  often  anysotropic  pleochroic  uniaxial  positive  ones  with  the  birefringence  from  0.005  to  0.020, 
depending  on  the  lonsdaleite  impurity  [14] 

There  are  2  main  morphological  types  of  the  impact  diamonds  in  rocks  of  the  astroblems:  (a)  scaly 
or  angular  flattened  (up  to  sheet-like)  grains:  (b)  volume-xenomorphic  grains.  More  rare  type  -  in 
case  of  paramorphs  along  the  well-crystallized  parental  graphite  -  is  represented  by  fully  or  partial¬ 
ly-outlined  single  lamellae  hexagons  or  its  regular  accretions.  In  last  case,  hexagons  are  concentric 
to  each  other  (twinning  of  parental  graphite  crystals  along  pinakoid,  (0001))  or  axially-turned  abo¬ 
ut  each  other  (twinning  of  parental  graphite  crystals  according  V.S.  Veselovsky).  Much  more  rare 
type  is  represented  by  diamond  paramorphs  along  the  complex  graphite  twinning  [14]:  along 
(lOlO)  and  (0001)  II  (lOlO).  Togorites  (diamond  paramorphs  on  coal)  have  no  or  rarely  exhibited 
layered  or  lamellae  forms  [4],  The  diamonds. from  meteorites  show  the  irregular  forms  also. 
Sculptural  elements  are  broadly  widespread  on  the  surface  of  diamond  grains,  being  represented 
by  various  thin  (down  to  5-7  mkm  or  smaller)  hatching,  such  as:  direct  parallel  lines,  of  one  to 
several  systems,  systems  of  curved  lines,  fun  hatching.  This  hatching  is  well-expressed  in  color, 
luster  or  relief.  Part  of  them  is  considered  to  be  connected  with  the  cracks  of  parental  graphite, 
another  ones  are  the  graphite  lamellae  inclusions;  another  ones  are  the  result  of  natural  etching 
of  diamonds.  The  diamonds  from  the  impact  crater  formations  exhibit  the  traces  of  etching  in  form 
of  superfine  surface  corrosion  provided  by  cell  comb-like  microrelief.  Sometimes,  the  local  seats 
of  more  intensive  etching  (groups  of  relatively  large  cavities  and  deep  complex  cross-cutting 
penetrations)  are  added  to  this  surface  corrosion.  The  etching  is  provided  by  action  of  alkalies  in 
high-temperature  parental  impact  melt 

3.  By  the  X-ray  data,  the  impact  diamonds  are  polycrystalline  fine-grained  (crystallites  of  1  -0.1 
mkm  or  smaller)  aggregates.  In  common,  diamond  paramorphs  on  the  graphite,  found  in  astro¬ 
blems  and  placers,  are  made  up  of  mixture  of  cubic  and  hexagonal  phases  [12,14],  cubic  one  do- 

657 


minating  up  to  100%,  whereas  hexagonal  one  forming  an  impurity  (0-25%),  rarely  growing  in 
content  up  to  50-70%.  Lonsdaleite  impurity  is  established  to  be  greater  in  diamonds  from  small 
craters  rather  then  from  large  astroblems,  i.e.,  the  duration  of  shock  loading  is  important  for  the 
origin  of  this  phase.  The  lonsdaleite  impurity  in  togorites  is  low  and  is  observed  rarely.  The  simi¬ 
lar  low  content  of  lonsdaleite  (0-10%)  is  found  in  ureilite  diamonds,  originated  from  poorly-crys¬ 
tallized  graphite  or  non-crystallized  forms  of  carbon.  On  the  contrary,  the  lonsdaleite  content  in 
diamonds  from  Fe  meteorites  (crystallized  parental  graphite)  is  more  higher,  up  to  30%.  The  im¬ 
purity  of  chaoite,  a  high-temperature  polymorph  of  carbon,  is  established  in  some  grains  of  com¬ 
plex  (graphite  +  cubic  diamond  +  lonsdaleite)  composition  found  in  astroblems  [17]. 

All  the  diamonds  originated  from  the  parental  graphite,  exhibit  the  various  degree  of  preferred 
orientation  of  crystallites,  up  to  the  degree  of  “monocrystal”  [1 1,12,14  and  others].  As  it  was 
first  shown  by  [14],  the  new  high-pressure  carbon  phases  have  the  preferred  orientation  in  respect 
to  the  parental  graphite  crystals,  for  example:  (lOTO)  of  lonsdaleite  is  parallel  to  (1 1 1)  of  diamond 
and  is  parallel  to  (0001)  of  graphite,  etc.  The  preferred  orientation  of  crystallites  in  togorites  [4] 
and  diamonds  from  some  ureilites  [10]  is  weakly-expressed  or  is  absent  at  all 
The  isotope  composition  of  carbon  for  the  diamonds  from  astroblems  is  “lightened”,  with  B13C,PDb 
ranging  from  -  0.99  %  to  -  2.457%  [5,6,15,16],  and  the  carbon  isotopic  compositions  for  co-exis¬ 
ting  diamonds  and  parental  graphite  grains  are  sometimes  similar  to  each  other.  Depending  on  the 
source  of  carbon  (graphite  or  coal)  the  terrestrial  impact  diamonds  differ  from  each  other  not  only 
in  morphology  and  phase  composition  but  also  in  another  characteristics,  such  as:  density  (3.44  - 
3.55  g/cm3  for  “graphite”  diamond  against  2.5  -3.1,  rarely  up  to  3.3  g/cm3  for  togorites),  color  of 
photoluminescence  (yellow-orange  or  brick-red  against  the  yellow-green  or  light-blue,  correspon¬ 
dingly),  impurity  of  paramagnetic  N  (<1Q15  against  nlO15  -  1020  C-centers/cm3,  correspondingly), 
start  of  combustion  (580-760°C  against  52Q-650°C,  correspondingly),  6  13C,PDb  (-  0.99  -  -  2.01% 
against  -  2.275  -  -  2.457%,  correspondingly). 

4.  The  preferred  orientation  of  crystallites  together  with  the  impurity  of  lonsdaleite  is  considered 
to  be  the  reliable  evidence  of  the  impact  origin  of  the  diamonds  [7,10].  The  transformation  of  pa¬ 
rental  graphite  to  diamond  is  supposed  to  be  both  by  the  martensitic  and  the  diffusion  way.  Un¬ 
doubtedly,  the  transition  to  diamond  had  taken  place  by  the  martensitic  way  for  paramorphs  with 
crystallites  of  preferred  orientation  in  respect  to  the  parental  graphite.  Both  martensitic  and 
diffusion  ways  of  transformation  are  possible  for  mainly  cubic  diamond  paramorphs  without 
preferred  orientation  of  crystallites.  At  that,  the  hexagonal  phase  should  be  originated  first  but 
then  partially  or  completely  annealed  to  cubic  phase  still  at  the  shock-loaded  state.  For  togorithes 
transition  had  probably  taken  place  by  the  diffusion  way  at  high  residual  temperatures.  According 
to  the  pressure-release  adiabats,  the  graphite  transformation  xo  the  mixture  of  cubic  diamond  + 
lonsdaleite  should  be  realized  at  shock  pressures  from  40-60  GPa  (mixed-phase  regime,  partial 
transition)  to  more  then  60  GPa  (complete  transition).  At  the  usual  laboratory  shock-loading 
experiments  with  the  duration  of  impulse  ~  10‘6  s  the  transformation  of  graphite  to  the  cubic 
diamond  has  taken  place  since  the  pressures  ~  30  GPa  and  more  [2],  whereas  the  same  transition 
to  the  cubic  diamond  +  lonsdaleite  mixture  is  under  the  pressures  of  more  then  70  GPa  [7],  At  the 
Popigai  crater  (duration  of  shock  impulse  was  ~  1  s)  the  partial  cubic  +  hexagonal  diamond  para¬ 
morphs  begun  to  originate  since  the  pressures  of  45-50  GPa  [17].  At  the  usual  shock-loading 
experimental  conditions  (  P  ~  20-100  GPa,  residual  temperature  up  to  2500°K,  time  ~  10*6  s)  the 
impact  diamonds  do  not  originate  along  the  non-crystallized  forms  of  carbon,  and  additional  pre- 
experiment  heating  is  required  to  stimulate  such  a  transition  at  the  residual  temperatures  up  to 
3500°K.  At  the  Kara  crater  (duration  of  shock  impulse  was  ~  0.5-0  8  s)  the  high-pressure  poly- 
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morphs  of  carbon  were  possibly  originated  along  the  coal  at  the  pressures  >  60  GPa  and  residual 
temperatures  <  3000°K  [4,5]  At  similar  conditions  (a  long  enough  compression  stage)  the  dia¬ 
monds  in  some  ureilites  were  possibly  formed  along  the  non-crystalline  forms  of  carbon. The  angu¬ 
lar  forms  of  diamond  grains  as  well  as  their  characteristic  size  (<  1  mm)  should  be  provided  by  the 
fragmentation  of  source  graphite  due  to  volume  decreasing  at  the  polymorph  transition.  The  chao- 
ite  impurity  in  the  diamonds  shows  the  high,  >  2600°K,  residual  temperatures  in  shocked  material 

5.  The  impact  diamonds  are  of  great  petrologic,  geologic  and  general  cognitive  interest  They 
are  the  evidence  of  shock  stage  of  meteoritic  material  formation  for  the  ureilites  and  a  part  of  Fe 
meteorites.  This  stage  was  happened  in  the  Universe  after  the  silicate  and  metal-sulphide  ones.  In 
the  Canyon-Diablo  Fe  meteorite  the  diamonds  were  formed  by  the  collision  of  this  meteorite  with 
the  Earth.  In  the  rocks  of  the  terrestrial  astroblems  the  diamonds  are,  the  important  mineralogical  ’ 
criterion  of  the  shock;  then  they  are  fruitfully-used  for  various  petrologic  reconstructions. 

The  distal  ejecta  deposits  can  be  clearly  revealed  by  the  presence  of  impact  diamonds.  For  examp¬ 
le,  it  was  made  for  the  Popigai  astroblema,  whose  distal  ejecta  were  recently  traced  at  the  distan¬ 
ce  up  to  500  km  [15].  Such  traces  of  globally-dispersed  material  from  the  large  craters  are  impor¬ 
tant  for  the  hypothesis  of  impact  extinctions  by  W.  Alvarez  [1],  The  whole  rank  of  Phanerozoic 
extinctions  is  known  represented  in  the  Earth’s  sedimentary  sequence  by  the  global  boundary 
layers  of  specific  deposits,  which  are  related  to  impacts  and  expressed  by  Ir  anomalies,  microtek- 
tites,  grains  of  shocked  quartz,  etc.  We  consider,  the  impact  diamonds  are  also  common  for  these 
boundary  layers,  such  as:  Czech  tektites-moldavites  (Ries  ~  14  Ma-age  event);  Eocene/Oligocene 
Ir  anomaly  in  Massignano  cross-section,  Italy  (Popigai  —35  ?  Ma-age  event);  K/T  ash-layers  of 
the  Northern  and  Central  America  (Chuxulub  65  Ma-age  event). 

The  quest  for  impact  diamonds  in  West  (Talitsa  and  Tavda  serieses  )  and  East  (Lena-R.  mouth 
and  other  points)  Siberian  Paleogenic  deposits  seems  to  be  important  for  the  next  tracing  of  distal 
ejecta  from  the  Popigai,  with  the  perspective  of  reliable  geological  dating  of  this  impact  event  in 
the  marine  continuous  sedimentary  sequences.  Owing  to  their  resistance,  the  impact  diamonds  can 
be  the  only  evidence  of  the  Pre-Cambrian  astroblems  and  their  distal  ejecta,  when  all  another 
features  of  shock  metamorphism  are  completely  eliminated. 
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GEOCHEMISTRY  AND  GENESIS  OF  LAMPROITES  OF  THE  ALDAN  SHIELD 
Vladykin  N.V. 

Institute  of  Geochemistry,  Box  40 19, Irkutsk, 664033, Russia. 

At  present  14  occurrences  of  rocks  of  lamproite  group  have  been  recorded  on  the 
Aldan  shield.  They  compose  sills,  necks,  eruptive  breccias  as  well  as  dykes,  stocks  and 
layers  in  the  massifs  of  stratiform  K-alkaline  complexes.  In  the  Western  Aldan  lamproites 
are  known  to  be  present  in  the  massifs  of  Murun,  Khani  and  Molbo  River  dyke.  In 
Central  Aldan  lamproites  are  studied  in  the  massifs  Yakokut,  Ryabinovy,  Inagli, 
Yllymakh,  Tommot,  M.Yukhta,  some  diatremes  of  the  Khatastyrsky  field  and  the  Kaila 
pipe.  In  Eastern  Aldan  they  occur  in  the  Bilibinsky  and  Konder  massifs.  The  lamproite 
dykes  of  Khani  have  Proterozoic  age  and  the  rest  lamproites  of  Aldan  are  Mesozoic  (J  and 
Cr).  The  rocks  of  lamproite  series  produce  eruptive  breccias  with  crystalline  cement  (Kaila 
and  Khatastyr)  and  the  bodies  of  volcanic  and  intrusive  view.  Considering  the  mineral 
composition  there  are  olivine,  leucite  and  sanidine  lamproites  and  their  intermediate 
varieties. 


Fig.l  Rare  elements  in  the  Aldan  lamproites.  On  the  X  axis  the  chemi¬ 
cal  elements  are  in  the  order  of  Ri  increase,  on  the  Y  adxis-  logarithm 
of  concentrations  normalized  from  primitive  mantle. 

The  compositions  of  minerals  of  studied  lamproites  are  not  different  from  those  elsewhere 
in  the  world.  According  to  chemical  composition,  olivines  correspond  to  forsterites 
(Fo=86-94),  pyroxenes  to  diopcides,  amphiboles  to  K-  richterite,  the  micas  of  phlogopite- 
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annite  series  with  low  A1  abundance  which  is  compensated  by  Fe.  As  to  the  accessory 
minerals  lamproites  contain  wadeite,  K-baticite,  chromite,  Cr-magnetite,  pariderite  and 
sulfides.  On  the  plots  of  coupled  correlations  of  petrogenic  and  rare  elements  there  is  a 
single  trend  of  lamproite  compositions  of  Aldan.  It  coincides  with  that  of  these  elements 
for  lamproites  of  Australia,  America  and  Spain.  All  known  occurrences  of  lamproites  of 
Aldan  are  genetically  related  to  the  K-  alkaline  massifs.  This  conclusion  is  substantiated 
by  a  spatial  combination  of  lamproites  and  intrusive  rocks  of  K-  complexes.  The  intrusive 
lamproites  in  the  Murun  and  Bilibinsky  massifs  are  crystallized  in  single  laminated  bodies 
with  the  rocks  of  the  massif.  The  petrochemical  diagrams  show  that  lamproites  and 
intrusive  rocks  produce  combined  trends  of  compositions.  The  data  of  absolute  age  and 
isotopes  of  Nd,  Sr  and  Pb  are  the  same.  The  genetic  confinement  of  lamproites  to  the 
rocks  of  K-alkaline  intrusive  complexes  represent  a  particular  feature  of  the  Aldan 
lamproites.  The  studies  of  temperatures  of  melt  inclusions  homogenization  in  minerals  of 
the  Aldan  lamproites  and  the  chemical  composition  of  inclusions  do  not  contradict  this 
conclusion. 

Figure  1  shows  the  spectrum  of  concentrations  of  rare  elements  in  the  Aldan 
lamproites.  It  is  characterized  by  traditionally  high  for  lamproites  abundances  of  K,  Ba, 
Sr,  Cr,  Ni.  The  contents  of  Zr,  Nb,  TR  in  the  lamproites  of  Aldan  are  low.  The  TR 
spectrum  in  lamproites  are  characterized  by  an  absence  of  Eu  fractionation  and  tilting 
analogous  to  lamproites  elsewhere  in  the  world.  The  Ce  group  dominates  in  the  TR 
spectrum. 


Fig. 2  Isotope  ratios  Nd  and  Sr  in  the  Murun  massif  rocks. 


Micas  of  the  Aldan  lamproites  are  characterized  by  high  contents  of  BaO  (0.5  - 
1 .5%),  Cr  and  Ni  (up  to  2000  ppm)  and  low  for  lithophyle  elements.  Geochemistry  of  Sr, 
Nd  and  Pb  isotopes  has  been  investigated  in  the  Aldan  lamproites,  while  in  the  olivine 
lamproites  of  Kondeira,  Murun  and  Bilibinsky  massif  Sr87/Sr86=0. 7045,  in  the  other 
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Fig. 3  Isotope  ratios  Pb  in  the  Murun  massif  rocks. 

famproites  of  Aldan  the  Sr87/Sr86  ratio  is  within  the  range  0.706-  0.709.  According  to  the 
ratio  of  isotopes  Pb207/Pb204  -  Pb206/Pb204  -  Nd  143/Nd  144  -  Sr87/Sr86  (Fig.  2)  the 
lamproites  of  the  Murun  massif  make  up  a  field  between  the  fields  of  lamproites  of  Leucite 
Hills  and  Smoky-Butte  in  the  USA.  Considering  the  rare  elements,  geochemistry, 
lamproites  of  Aldan  are  also  close  to  those  of  North  America.  The  isotope  characteristics 
indicate  a  deep-seated  mantle  origin  of  sources  of  lamproite  and  K-alkaline  magmas  of 
Aldan.  The  age  of  the  primary  substratum,  from  which  magma  of  the  Murun  massif  was 
melted,  is  estimated  from  the  Pb  isotopes  to  be  2000  Ma. 

This  work  was  accomplished  with  the  financial  support  of  RFFI,  project  94-05-16414. 
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Introduction  Composition  of  lithospheric  mantle  beneath  Archean  craton  is  represented  by 
mantle  xenoliths  in  kimberlites.  It  was  reported  that  the  Kaapvaal  cratonic  lithosphere  has  lower 
Mg/Si,  Ca/Al  and  higher  Mg/Fe  values,  comparing  with  the  residual  peridotites  forming  oceanic 
and  off-cratonic  lithospheric  mantle  (Boyd  and  Mertzman,  1987;  Boyd,  1989).  Mg  number  [lOOMg/ 
(Mg+Fe)]  of  this  cratonic  peridotite  olivine  is  greater  than  92.0,  differs  markedly  from  the  residues 
generated  in  other  tectonic  environments,  which  are  smaller  than  91.5.  Compositions  of  other  cratonic 
lithospheres  are  of  course  extremely  important  issue,  in  order  to  verify  whether  this  chemical  anomaly 
is  only  limited  to  the  Kaapvaal  craton  or  true  for  all  the  Archean  cratons.  However,  this  investigations 
are  hampered  by  shortage  of  suitable  mantle  xenoliths  in  other  Archean  cratons.  Garnet,  for  much 
stabler  in  alteration  process,  was  partly  preserved  in  kimberlite  as  single  crystal  xenocryst.  In  this 
report,  we  present  the  composition  of  lithospheric  mantle  beneath  Sino-Korea  craton,  using  garnet 
xenocrysts  and  diamond  inclusions  from  two  Chinese  kimberlite  pipes. 

Sample  and  analysis  Similar  to  South  Africa,  all  kimberlite  bodies  in  China  are  also  located  only 
inside  craton.  The  oldest  basement  rock  of  Sino-Korea  craton  is  3.6-3.T  Ga,  and  consolidated  at 

about  1.7- 1.8  Ga.  Studied  samples  were 
collected  from  two  typical  diamondiferous 
kimberlite  pipes,  e.g.,  Shengli  1  and  No.50, 
located  in  Shandong  and  Liaoning 
province  respectively.  Details  about  these 
pipes  were  reported  in  Zhang  et  al..  (1989). 

No  fresh  mantle  xenoliths  have  been 
found  from  the  Chinese  kimberlites. 
Olivine  and  pyroxene  are  completely 
altered  and  replaced  by  serpentine.  In  the 
present  study,  therefore,  only  garnet 
xenocrysts  which  are  partly  free  from 
alteration  were  studied.  A  few  garnet  and 
olivine  inclusions  in  diamond  are  also 
investigated.  About  400  fresh  garnet  grains 
with  size  about  24mm  were  randomly 
recovered  from  both  pipes  respectively. 
Forty  diamonds  with  syngenetic  silicate 
inclusions,  were  also  selected  and 
mechanically  crushed  for  taking  inclusions.  Major  element  composition  of  these  minerals  are 
measured  by  a  JEOL-XMA8800  electron  microprobe  at  Tokyo  Institute  of  Technology. 

Pursuing  Mg  number  of  altered  olivine  Olivine  is  a  main  constitution  mineral  of  the  upper 
mantle,  and  knowing  Mg  number  of  olivine  which  used  to  be  in  equilibrium  with  xenocryst  garnet 
is  critical  in  understanding  compositional  characteristics  of  Archean  lithospheric  mantle. 
Theoretically  the  partition  coefficient  of  Mg  and  Fe  between  garnet  and  olivine  are  temperature, 
pressure  and  composition  dependent  (Kawasaki  and  Matsui,  1983).  Mg/(Mg+Fe)  ratios  of  coexisting 
garnet  and  olivine  in  peridotite  xenoliths  from  Kaapvaal  craton  (samples  donated  by  K.  Aoki)  are 
analyzed,  and  shown  in  Fig. 2  together  with  literature  published  data.  It  was  found,  however,  the 
KjjCFe/Mg)01-®1  of  peridotite  xenoliths  from  kimberlites  of  Kaapvaal  craton  remains  constant  in  the 


Figure  1.  Distribution  of  Archean  cratons  in  the  world 
(solid  black).  High  resolution  seismic  wave 
tomography  shows  that  Archean  cratons  are  mostly 
distributed  within  the  S-wave  velocity  high  regions 
(Zhang  &  Tanimoto,  1993),  shaded  regions  correspond 
with  higher  seismic  velocity  regions  (1.0%  higher  than 
average  value)  at  210km  depth. 
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range  of  2.0-2.5  (Fig.2,  inset).  Given  constant  KD  value,  composition  of  coexisting  olivine  can 
readily  be  calculated  from  Mg/Fe  of  coexisting  garnet.  As  a  matter  of  fact,  a  perfect  linear  and 
coherent  correlation  is  observed  between  olivine  and  garnet  in  these  xenoliths  (Fig.  2).  Following 
formula  is  obtained  by  a  least  square  fitting  method. 

[Mg/(Mg+Fe)]ol  =  0.52  +  0.48[Mg/(Mg+Fe)]gt 

Without  causing  evident  errors,  this  relation  can  be  applied  to  estimate  the  Mg  number  of 
olivine  in  mantle  peridotitic  xenoliths  from  Chinese  kimberlites,  which  used  to  be  equilibrated  with 
garnet  xenocryst. 

Results  EPMA  data  of  both  garnet 
xenocrysts  and  inclusions  in  diamonds  a i£ 
summarized  in  Fig. 3.  Most  garnet 
xenocrysts  are  peridotitic  paragensis.  Mg 
number  of  garnet  xenocrysts  from  both 
Shengli  1  and  No. 50  pipes  are  clustered 
mainly  in  the  range  of  82.0-87.0  (Fig.3  a,b). 

According  to  the  previous  formula,  Mg 
number  of  the  coexisting  olivine  should  be 
91.0-93.5  (Fig.3  d),  with  a  peak  around  92.5. 

Similar  to  Kaapvaal  craton,  Mg  number  of 
the  lithospheric  mantle  under  the  Sino-Korea 
craton  is  significantly  higher  than  that  of 
oceanic  lithosphere  (89.0-91.0)  (Maaloe  and 
Aoki,  1977).  Small  part  of  analyzed  garnet 
samples  of  Shengli  1  pipe,  which  are  Ti02 
rich  (>0.5wt%  and  may  up  to  2.0wt%)  and 
with  Mg  number  around  80.0-82.0,  may 
have  disaggregated  from  peridotites  similar 
to  the  fertile  high-T  sheared  peridotites 
found  in  South  African  kimberlties  (Nixon 
and  Boyd,  1973).  Less  than  10%  of  the 
analyzed  samples  are  pyrope-almandine  garnets  with  Mg  number  smaller  than  75.0,  which  may  be 
disaggrgation  of  eclogite  xenoliths.  All  these  observations  indicate  that  the  lithospheric  mantle 
under  Sino-Korea  craton  is  composed  mainly  of  very  depleted  peridotites  but  with  a  small  proportion 
of  eclogite,  comparable  with  that  of  Kaapvaal  craton. 

Silicate  inclusions  in  diamonds  may  represent  lithospheric  mantle  composition  deeper  than 
150km  (Meyer,  1987).  Syngenetic  silicate  inclusions  in  diamonds  from  the  two  Chinese  kimberlite 
pipes  are  mainly  olivine,  garnet  and  orthopyroxene.  No  clinopyroxene  was  found  in  this  study, 
suggesting  that  diamonds  were  formed  in  harzburgitic  host  rock.  Host  harzburgite  is  also  Mg  rich 
(Mg  number  of  olivine  to  be  92.0-95.0),  according  to  both  garnet  and  olivine  inclusion  compositions 
(Fig.  3c).  Olivine  composition  calculated  from  isolate  garnet  crystals  is  in  the  same  range  with  real 
olivine  inclusions  in  diamonds  (Fig.3  c,e),  demonstrating  all  the  above  calculations  for  xenocrysts 
are  reasonable.  Higher  Mg  number  of  diamond  inclusions  than  majority  of  the  minerals  in  peridotitic 
xenoliths  means  that  the  deepest  part  of  the  lithosphere  under  Sino-Korea  craton  to  be  more 
extensively  depleted.  Accordingly,  structure  of  the  lithospheric  mantle  under  Sino-Korea  craton 
ought  to  be  very  similar  to  Kaapvaal  craton  in  composition  and  structure.  Diamond  inclusions, 
xenocrysts  and  xenoliths  from  Siberian  craton  (Sobolev,  1977)  also  show  similarity  with  that  of 
Kaapvaal  and  Sino-Korea  cratons. 

Discussion  Based  on  seismology,  Jordan  (1979)  found  that  old  continents  are  underlaid  by  thick, 
cold  and  high  seismic  velocity  lithosphere  (tectosphere).  Although  the  tectosphere  is  cold,  they  are 
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Figure  2.  Partition  coefficient  of  Fe,  Mg  between  garnet 
an.d  olivine  remains  constant,  and  a  positive  correlation 
of  Mg/(Mg+Fe)  ratios  exists  between  the  coexisting 
garnet  and  olivine  in  peridotite  xenoliths  from  Kaapvaal 
craton.  South  Africa.  In  both  pictures,  open  circles  are 
peridotite  xenoliths  newly  analyzed  in  this  research 
(specimen  donated  . by  Dr.  K.  Aoki);  black  circles  are 
harzburgite  xenoliths  from  Boyd  et  al.,  (1993);  black 
cubes  are  diamond  bearing  peridotites  from  Shee  et  al., 
(1982)  and  Viljoen  et  al.,  (1992);  open  cubes  are  xenoliths 
from  Matsoku  pipe,  Lesotho,  Cox  et  al,  (1973). 
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neutrally  buoyant  in  the  upper  mantle  due  to  the 
very  refractory  chemical  composition.  At  given 
temperatures,  the  Mg-rich  cratonic  mantle 
peridotites  (Mg  number  -  93.0)  have  seismic 
wave  velocities  higher  than  normal  peridotites 
(Mg  number  -  90.0).  Recent  high  resolution 
seismic  wave  tomography  shows  positive 
correlation  between  Archean  cratons  and  the  S- 
wave  velocity  high  regions  even  more  clearly 
(Zhang  and  Tanimoto,  1993)  (Fig.  1). 
Temperature  is  probably  the  dominant  factor  in 
controlling  the  lateral  variations  in  S-wave 
velocity,  but  chemical  depletion  may  also 
contribute  to  establishing  high  mantle  S-wave 
velocity  in  the  cratons  (Jordan,  1978). 
Petrological  similarity  of  the  lithospheric  mantles 
between  Kaapvaal,  Siberia  and  Sino-Korea 
cratons,  combining  with  the  three-dimensional 
seismic  data,  strongly  suggests  that  lithospheric 
mantle  beneath  all  of  the  Archean  cratons  are 
extensively  depleted  in  Fe  than  nowadays 
oceanic  ones. 

Origin  model  has  been  proposed  by  Boyd 
(1989)  and  Takahashi  (1990),  who  emphasized 
that  the  depleted  garnet  peridotite  beneath 
Archean  cratons  can  be  formed  as  residue  after 
extensive  partial  melting  and  extraction  of 
komatiite  magma  from  fertile  mantle.  If 
komatiites  are  the  predominant  mantle  melts 
extracted  at  the  hot  spots  or  mid-ocean  ridge,  very 
depleted  mantle  residue  may  have  accumulated 
under  the  large  continent  due  to  subsequent  plate  migration.  The  enormous  volume,  world  wide 
distribution  and  unique  composition  of  the  Archean  lithospheric  mantle  would  be  easily  reconciled 
if  komatiite  was  the  dominant  magma  in  the  Archean  as  MORBs  in  the  modem  earth. 


0.9  0.92  0.94  0.96 

Mg/(Mg+Fe) 

Figure  3.  Composition  of  garnet  xenocrysts  and 
diamond  inclusions  from  the  Sino-Korea  craton.  a. 
Mg/(Mg+Fe)  histogram  of  garnet  xenocrysts  from 
Shengli  1  kimberlite  pipe,  Shandong  province;  b. 
Mg/(Mg+Fe)  histogram  of  garnet  xenocrysts  from 
No.50  kimberlite  pipe,  Liaoning  province;  c. 
Mg/(Mg+Fe)  histogram  of  garnet  inclusions  in 
diamond,  Mg  number  of  coexisting  olivine  with 
garnet  xenocrysts  of  both  pipes  ranges  from  91.5 
to  93.5,  with  peak  around  92.5;  d.  Mg  number  of 
coexisting  olivine  with  garnet,  calculated 
according  to  the  formula;  e.  Mg/(Mg+Fe) 
histogram  of  olivine  inclusions  in  diamond. 
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INFLUENCE  OF  CHROMIUM  ON  REE  PARTITION  BEHAVIOR  BETWEEN 
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Introduction  Shimizu  and  Richardson  (1987)  reported  that  the  sub-calcic  Cr-rich  garnet  xenocryst 
and  diamond  inclusions  are  LREE  enriched,  contrast  to  its  very  depleted  major  element  composition. 
Late  stage  metasomatism  was  inferred  and  thus  geochemical  property  of  this  metasomatic  melt  is 
important  for  illustrating  evolution  of  lithospheric  mantle  beneath  Archean  cratons.  REE 
concentrations  in  the  metasomatic  melts  have  been  calculated,  using  REE  contents  in  garnet  and 
the  REE  partition  coefficients  between  garnet  and  silicate  melt  (Shimizu  &  Richardson,  1987). 
Evidently,  the  calculation  results  are  heavily  dependent  on  the  REE  partition  coefficients,  which  is 
a  function  of  P,  T  and  major  element  composition. 

In  mantle  peridotitic  garnet,  Al3+  is  partly  substituted  by  Cr3+.  Cr203  content  in  some  garnet,  for 
example  inclusions  in  diamonds,  may  up  to  16.0wt%.  It  could  be  expected  that  this  substitution 
will  evidently  influence  the  REE  partition  behavior.  Model  calculation  of  REE  abundance  in  melts 
that  employ  constant  values  of  partition  coefficient,  determined  from  none-chromium  systems, 
should  be  imprecise.  Anyway,  influence  of  Cr3+  on  REE  partition  behavior  is  very  difficult  to  be 
determined  from  natural  samples,  owing  to  unclear  relationship  with  host  rocks.  High  temperature 
and  pressure  synthetic  experiments,  coupled  with  SIMS  analysis,  was  performed  in  this  research, 
with  the  purpose  of  investigating  any  possible  influence  of  Cr3+  on  REE  partition  behavior.  REE 
concentrations  in  metasomatic  melts,  which  may  have  caused  metasomatism  of  mantle  garnets 
from  Sino-Korea  craton,  are  also  calculated,  based  on  newly  established  partition  coefficients. 

Experiment  and  analysis  All  experiments  were  carried  out  by  using  an  1000-ton  uniaxial  multi¬ 
anvil  apparatus  (SPI-1000),  located  in  the  Tokyo  Institute  of  Technology.  Both  P  and  T  of  this 
apparatus  are  computer  programmable.  Rhenium  foil  was  applied  as  sample  container,  and 
temperature  was  measured  with  W5%Re  -  W26%Re  thermocouple,  which  was  inserted  axially  in 


Table  1  Experimental  conditions  and  results 


Run 

Starting  material 

Temperature 

fC) 

Pressure 

(GPa) 

Duration 

(Min.) 

Run  products 

S301 

JB1  +0.0wt%CrO3 

1900 

7.5 

30 

gt  +  liq. 

S299 

JB1  +  3.0wt%  Cr03 

1900 

7.5 

30 

gt  +  cpx  +  liq. 

S300 

JB1  +  6.0wt%  Cr03 

2000 

7.5 

30 

gt  +  cpx  +  liq. 

S315 

JB1  +  9.0wt%  Cr03 

2090 

7.5 

30 

gt  +  liq. 

S320 

JB1  +  12.0wt%  Cr03 

2000 

7.5 

25 

gt  +  cpx  +  liq. 

the  LaCrOB  furnace  assembly. 

Powered  standard  rock  sample  JB-1  (alkali  basalt),  distributed  by  the  Geological  Survey  of  Japan, 
was  used  in  all  the  experiments,  because  of  its  high  REE  concentration  and  relatively  lower  liquidus 
temperature.  Various  contents  of  Cr  oxide  were  added  into  the  JB-1  powder,  in  order  to  synthesize 
garnets  with  different  Cr2C>3  contents.  Five  sets  of  experiment  were  earned  out  and  the  experimental 
conditions  are  summarized  in  Table  1. 

Polished  sections  of  run  products  were  analyzed  by  electron  microprobe  for  major  element 
composition  and  distribution.  Concentrations  of  the  14  rare  earth  elements  were  measured  for  both 
garnet  and  quenched  melts,  by  using  of  a  Cameca  IMS-3f  SIMS  instrument.  Offset  voltage  was- set 
to  -40V  for  garnet  measurement,  and  -100V  for  quenched  melts,  in  order  to  increase  analysis 
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precision. 

Experimental  results  Run  products  consisted  of  garnet,  pyroxene  and  quenched  melt.  Grain 
sizes  of  garnet  crystals  ranged  from  50-80pm.  Line  scan  and  element  distribution  analyses  by 

electron  microprobe  show  that  all 
the  major  elements  (Mg,  Al,  Si, 
Ca,  Cr,  Fe)  in  garnets  distributed 
homogeneously  over  the  whole 
crystal. 

With  increasing  Cr  oxide  added 
in  the  starting  materials,  Al^+  is 
gradually  substituted  by  Cr3+  and 
Cr203  contents  in  garnets  of  the 
five  run  products  are  0.14wt%, 
3.82wt%,  7.31wt%,  9.94wt%  and 
13.24wt%  respectively.  These 
values  almost  cover  the  Cr2C>3 
content  range  of  mantle  peridotitic 
garnet.  Variations  of  CaO,  MgO 
and  FeO  contents  are 
comparatively  small.  Furthermore,  all  the  experiments  are  carried  out  in  almost  same  P,  T  conditions, 
thus  allow  assessment  of  the  influence  of  chromium  content  upon  REE  partition  behavior.  Major 
element  compositions  of  synthesized  garnets  and  REE  partition  coefficients  are  listed  in  Table  2 
and  Table3. 

Variations  of  partition  coefficients  are  summarized  as  follows: 

(1)  Cr2C>3  content  in  the  synthesized  garnet  ranges  from  about  0  to  14wt%,  but  it  does  not  cause 
evident  change  in  the  partition  coefficients  of  HREE  (Fig. la).  This  shows  that  HREE  partition 
coefficients  between  garnet  and  silicate  melt  are  not  greatly  influenced  by  Cr203  content  in  garnet; 

(2)  Partition  coefficients  of  LREE  are  evidently  influenced  by  major  element  composition.  As  to 
lain  S301,  in  which  no  Cr  oxide  was  added,  partition  coefficients  of  LREE  are  much  smaller  than  all 

the  Cr-added  runs.  For  example, 
Table  3  Variation  of  REE  partition  coefficients  of  garnets  ^Ce  in  run  S301  is  0.015,  to  be 

only  about  1/3  of  the  average  value 
of  Cr-added  runs.  It  indicates  that 
compatibility  of  LREE  in  garnet 
increases  when  it  contains  a  lot  of 
chromium; 

(3)  In  all  the  Cr-added  runs 
(S299,  S300,  S315,  S320),  no 
systematic  increase  in 
compatibility  of  LREE  with  Cr203 
content  has  been  observed. 
Partition  coefficients  of  LREE  in 
all  the  four  Cr-added  run  products 
are  almost  same  within 
experimental  uncertainty. 

For  simplicity,  data  obtained  in 
run  S301  could  be  considered  as 
REE  partition  coefficients  between 
garnet  and  silicate  melt,  in  which 
no  or  only  seldom  Cr  exist.  For  the 


RUN 

S301 

S299 

S300 

S315 

S320 

Average  of  Cr- 
bearing  Gt 

Cr203 

0.14% 

3.8% 

7.3% 

9.9% 

13.2% 

La 

0.005 

0.022 

0.026 

0.023 

0.014 

0.021 

Ce 

0.015 

0.056 

0.048 

0.041 

0.037 

0.045 

Pr 

0.040 

0.107 

0.090 

0.081 

0.089 

0.092 

Nd 

0.056 

0.233 

0.155 

0.118 

0.150 

0.164 

Sm 

0.169 

0.496 

0.302 

0.267 

0.396 

0.365 

Eu 

0.275 

0.658 

0.407 

0.343 

0.421 

0.457 

Gd 

0.321 

0.757 

0.532 

0.586 

0.695 

0.643 

Tb 

0.403 

1.373 

0.710 

0.745 

0.904 

0.933 

Dy 

0.824 

1.490 

1.045 

1.264 

1.514 

1.328 

Ho 

1.441 

2.567 

1.968 

2.227 

2.982 

2.436 

Er 

1.513 

2.170 

1.780 

2.586 

2.522 

2.264 

Tm 

1.494 

1.673 

1.641 

2.123 

2.111 

1.887 

Yb 

1.615 

1.723 

1.607 

2.119 

2.038 

1.872 

Lu 

1.688 

1.416 

1.502 

2.720 

3.174 

2.203 

Table  2  Compositions  of  syntheized  garnets 


RUN 

S301 

S299 

S300 

S315 

S320 

Added  Cr03 

0.0wt% 

3.0wt% 

6.0wt% 

9.0wt% 

12.0wt% 

Si02 

42.83 

41.96 

40.48 

40.89 

40.33 

A1203 

22.55 

19.84 

17.75 

17.59 

15.57 

Ti02 

0.44 

0.76 

1.04 

0.55 

0.65 

Cr203 

0.14 

3.82 

7.31 

9.94 

13.24 

FeO 

8.21 

8.53 

9.75 

6.80 

7.84 

NiO 

0.01 

0.07 

0.04 

0.01 

0.03 

MnO 

0.27 

0.21 

0.29 

0.28 

0.26 

MgO 

16.61 

15.13 

12.20 

14.40 

12.37 

CaO 

8.73 

9.40 

10.16 

9.05 

9.56 

Na20 

0.40 

0.31 

0.41 

0.41 

0.49 

K20 

0.01 

0.01 

0.01 

0.01 

0.01 

Total 

100.19 

100.03 

99.43 

99.93 

100.35 
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lack  of  evident  difference,  average  data  of  all  the  four  Cr-added  runs  are  believed  to  represent  Cr- 
bearing  system  (Fig.  lb).  Yb/Ce  value  of  none-Cr  garnet  is  110.8,  much  steeper  than  the  average 
Cr- bearing  garnet,  which  is  only  41.2. 


A  o.i  . 


-JB-l+0wt%CiO3 
-O—  JB-l+3wt%Ci03 
-a — JB-l+6wt%Ci03 
-□ — JB-l+9wt%Ci03 
JB-l  +  12wt%Cr03 


i — i . i— r 

La  Ce  Pr  Nd 


I  I  I  I  I  I  I  I  I  I 

SmEuGdTb  Dy  HoErTmYbLu 


Discussion  In  the  garnet  crystal  structure,  REE  elements  share  the  8-coordinated  triangular 
dodecahedron  site  with  Mg,  Fe2+  and  Ca.  Substitution  of  Cr3+  (r=61.5  pm)  for  Al3+  (r=53.0  pm) 

in  octahedron  enlarges  the  size  of  dodecahedron,  which  in _ 

make  it  feasible  for  larger  REE  (especially  LREE)  ions 
to  locate  in  and  thus  increases  its  compatibility.  It  can  be 
expected  that  this  effect  is  not  so  evident  for 
comparatively  smaller  HREE.  In  garnet  formula  with  12 
oxygen,  (Al+Cr)  values  in  garnets  of  run  S3 15  and  S320 
exceed  2.0,  to  be  2.10  and  2.15  respectively.  This 
indicates  that  part  of  chromium  in  garnet  are  possibly  in 
+2  charge,  and  enter  the  dodecahedron  site  instead  of 
octahedron  one.  It  may  be  a  reason  why  we  fail  to  find 
systematic  increase  in  compatibility  of  LREE  with 
chromium  content  in  garnets. 

Selected  garnet  xenocrysts  from  Shengli  1  and  No.50 
kimberlite  pipe  of  China,  which  covered  a  very  wide 
range  of  chemical  composition,  and  garnet  inclusions  in 
diamonds,  are  measured  by  SIMS  for  determining  its 
REE  distribution  pattern.  It  was  found  that  sub-calcic 
Cr-rich  garnets  are  LREE  enriched,  similar  to  that 
reported  by  Shimizu  and  Richardson  (1987),  but 
Iherzolitic  garnets  are  normally  depleted.  A  positive 
correlation  between  ratios  of  LREE/HREE  and  Cr/ 

(Cr+Al)  was  also  verified.  These  observations  also 
indicate  that  Cr3+  may  affect  the  partition  behavior  of 


o.i  _ 


0.001 


Cr-bearinggt 
« — none-Cr  gt 


'  SmEuG<h'{>  Dy  HoEr  TmY^Lu 


Fig  1  Changing  of  partition  coefficients 
with  chromium  contents  in  garnets 


Figure  2  Composition  of  REE  in  kimberlites  and 
the  inferred  metasomatic  melt 


REE  to  some  extent,  and  to  be  perfectly 
consistent  with  this  experimental  results. 

REE  concentrations  in  melts,  which 
may  have  caused  metasomatism  of  sub- 
calcic  Cr-rich  xenocrysts  and  inclusion 
garnets  of  Sino-Korea  craton,  are 
calculated  using  the  partition  coefficients 
of  this  study.  Results  are  shown  in  Fig.  2, 
comparing  with  REE  in  kimberlites.  It  was 
found  both  are  almost  same.  These  results 
support  the  suggestion  that  at  least  some 
mantle  metasomatism  is  related  to  the 
interaction  of  kimberlitic  magma  with 
refractory  peridotite  in  the  lower 
lithospheric  mantle  (Odling,  1995;  Kinny 
and  Dawson,  1992). 
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HIGH  PRESSURE  MELTING  EXPERIMENTS  ON  GROUP  II  KIMBERLITE 
UP  TO  8  GPa:  IMPLICATIONS  FOR  MANTLE  METASOMATISM 


Yamashita"1,  H.,  Arima2,  M.,  and  Ohtani^,  E. 

1.  Kanagawa  Prefectural  Museum,  Odawara,  Kanagawa  231,  Japan 

2.  Yokohama  National.  Univ.,  Tokiwadai,  Hodogaya-ku,  Yokomaha  240,  Japan 

3.  Tohoku  Univ.,  Aramaki,  Aoba-ku,  Sendai  980,  Japan 

Isotopic  and  chemical  characteristics  of  the  group  II  kimberlite  indicate  that  its 
mantle  source  region  has  been  enriched  in  K,  Rb,  LREE  and  other  incompatible 
elements.  It  is  commonly  accepted  that  the  enrichment  has  been  associated  with  the 
migration  of  mantle  fluids  broadly  similar  to  kimberlite  compositions,  but  the  nature  of 
fluids  and  enrichment  mechanism  are  largely  unknown.  In  this  paper,  we  report 
phase  relationships  of  group  !!  kimberlite  compositions  up  to  8  GPa  and  evaluate 
chemical  characteristics  of  liquids  in  equilibrium  with  lithosphere  mineral 
assemblages. 

A  series  of  high  pressure  experiments  were  carried  out  up  to  8  GPa  using 
group  II  aphanitic  and  macrocrystic  kimberlites  from  Makganyene  Mine,  South  Africa. 
A  multianvil  high  pressure  apparatus  at  Tohoku  University  and  a  piston-cylinder 
apparatus  at  Yokohama  National  University  were  used  for  the  experiments  above  4 
GPa  and  below  3  GPa  respectively.  All  experiments  were  carried  out  with  a  sealed  Pt 
sample  capsule,  a  Pt/PtRh13  thermocouple,  and  a  graphite  heater.  The  experiments 
above  4  GPa  were  done  with  a  pyrophyllite  octahedron  of  18  mm  edge  length,  and 
WC  cubes  with  12  mm  truncation.  Compositions  of  Ca-rich  and  Ca-poor  pyroxenes  in 
the  run-products  on  the  enstatite-diopside  join  at  various  temperatures  and  8  GPa 
indicate  a  temperature  variation  within  the  sample  capsule  of  100  °C/mm  for  the  runs 
with  a  straight  graphite  heater  and  50  °C/mm  for  the  runs  with  a  stepped  graphite 
heater.  A  majority  of  experiments  above  4  GPa  were  made  with  a  stepped  graphite 
heater.  Temperatures  of  phase  boundaries  in  polished  sections  of  the  run-products 
were  determined  based  on  the  estimated  temperature  gradient  within  the  sample 
capsule.  Kimberlite  compositions  used  have  an  ultrapotassic  affinity  (0.76  and  0.93 
K/(K+Na)  )  and  contain  1.9-3. 4  wt.%  H2O  and  4.4-6.7  wt.%  CO2  (XCO2  =  0.35-0.59) 
(Table  1).  The  macrocrystic  kimberlite  contains  higher  MgO  (30.4  wt.%,  #Mg=0.87) 
than  the  aphanitic  kimberlite  (18.4  wt.%  MgO,  #Mg=0.80). 

The  liquidus  temperature  of  the  aphanitic  kimberlite  composition  is  about  1470 
°C  at  6  GPa  and  about  1520°C  at  8  GPa  (Fig.  1),  and  that  for  the  macroscopic 
kimberlite  composition  is  about  1500  °C  at  6  GPa  and  1550  °C  at  8  GPa  (Fig.  2).  They 
are  slightly  lower  than  that  determined  for  the  Wesselton  kimberlite  composition  by 
Edgar  et  al.  (1993).  The  liquidus  temperatures  are  considerable  higher  (200-300°C) 
than  H2O-CO2  solidus  of  model  mantle  peridotite  by  Canil  and  Scarfe  (1990)  and 
that  estimated  by  the  extrapolating  the  data  of  Wyllie  (1989). 

Suprasolidus  phase  assemblage  of  the  aphanitic  kimberlite  at  1400°C  varies 
with  elevating  pressure  as;  Phl+Liq  Phl+Cpx+liq  -*>  Phl+Cpx+Opx+Liq  ->  Cpx+ 
Gt+Liq.  The  data  indicate  that  phlogopite  is  a  liquidus  phase  below  2  GPa  and 
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clinopyroxene  at  2-3  GPa.  In  the  run-products  above  4  GPa,  a  relatively  wide  range  of 
temperature  variation  within  the  sample  capsule  hampered  the  precise  determination 
of  liquidus  phase.  The  data,  however,  suggest  that  clinopyroxene  +  orthopyroxene  + 
phlogopite  are  near-liquidus  or  liquidus  phases  at  4  GPa,  clinopyroxene  +  ortho¬ 
pyroxene  +  garnet  at  6  GPa  and  garnet  +  clinopyroxene  at  8  GPa  (Fig.  1).  Phlogopite 
breakdowns  between  1 300-1 4Q0°C  and  6-7  GPa  by  the  reaction  Phi  +  Cpx  =  Gt  +  Liq. 
Neither  stable  K-bearing,  hydrate-,  nor  carbonate-crystalline  phases  were  observed 
in  the  run-products  above  7  GPa.  The  phase  relationships  for  macrocrystic  kimberlite 
composition  are  similar  to  those  for  the  aphanitic  kimberlite  composition,  except  for 
the  relatively  large  olivine-stability  field.  Olivine  is  a  stable  liquidus  or  near-liquidus 
phase  even  at  8  GPa.  It  coexists  with  phlogopite  and  clinopyroxene  below  4  GPa  and 
with  clinopyroxene,  orthopyroxene  and  garnet  above  6  GPa  at  1400°C.  Phlogopite  is 
not  a  stable  phase  above  6-7  GPa  at  1 300-1 400°C. 

The  liquid  portions  of  the  run-products  were  entirely  composed  of  fine-grained 
dendritic  quench-crystal  aggregates.  The  quench-crystals  were  olivine,  pyroxene, 
phlogopite,  garnet,  and/or  carbonate  with  non-stoichiometric  and  unusual 
compositions  showing  a  feathery  texture,  features  readily  distinguished  from  euhedra! 
primary  phases.  The  primary  orthopyroxene  and  clinopyroxene  are  comparable  in 
composition  to  those  of  the  low  Cr-megacryst  suite  incorporated  in  kimberlites 
(Mitchell,  1986).  The  primary  phlogopite  exhibits  systematic  decrease  of  its  T1O2 
content  with  increasing  pressure,  which  suggest  that  the  primary  phlogopite  reached 
equilibrium.  The  primary  garnet  at  higher  pressure  tends  to  contain  higher  Si/AI, 
suggesting  a  presence  of  the  majorite  component. 

The  liquid  compositions  were  determined  by  electron  microprobe  analyses  on 
the  quench-crystal  aggregates  using  a  defocused  beam.  Liquid  in  the  run-products 
shows  a  systematic  variation  with  temperature.  At  7  GPa,  it  shifts  toward  SiC>2-  and 
MgO-poor,  and  K2O-,  Na20-,  P2O5-  and  Ti02-rich  compositions  as  crystallization 
proceeds.  The  total  oxide  of  microprobe  analysis  systematically  decreases  with 
decreasing  temperature.  As  P2O5  exhibits  a  systematic  shift  with  temperature  and  no 
P205-bearing  crystalline  phase  exists  in  the  run-products,  we  can  evaluate  a 
proportion  of  liquid  based  on  a  P2O5  content  of  liquid  and  calculate  volatile-contents 
in  the  liquid  at  various  temperatures.  The  result  indicates  that  the  liquid  compositions 
at  1300-1400  °C  and  8  GPa  are  characterized  by  low  Si02  (23-  27  wt.  %),  high  K2O 
(7-1 1  wt.%),  and  high  volatile  components  (11-20  wt.%  CO2  and  3-6  wt.  %  H2O). 
These  chemical  characteristics  of  the  liquids  are  broadly  comparable  with  those 
obtained  from  fluid  inclusions  in  cubic  diamonds  (Navon  et  al. ,  1988)  (Table  1). 

The  present  experimental  results  indicate  that;  (1)  Phlogopite  is  a  stable  K- 
bearing  phase  below  about  6.5  GPa.  The  group  II  kimberlite  magma  can  be 
generated  by  partial  melting  of  phlogopite-bearing  Iherzolite  below  6.5  GPa.  (2) 
Depending  on  MgO  content  in  the  magma,  the  group  II  kimberlite  magma  can  be 
equilibrated  with  eclogitic  or  garnet  Iherzolitic  mantle  above  about  6.5  GPa  where 
phlogopite  is  no  longer  stable.  (3)  Liquids  extremely  enriched  in  K2O,  H2O  and  CO2 
and  depleted  in  SiC>2  are  stable  in  the  subcratonic  asthenosphere.  Upward  migration 
of  these  enriched  asthenospheric  liquids  might  result  in  phlogopite  formation  and 
mantle  metasomatism  at  the  asthenosphere-lithosphere  boundary  (about  6.5  GPa). 
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Table  1 .  Compositions  of  the  starting  materials  and  melts  (normalized  to  100 
%)  in  the  run-products  of  the  aphanitic  kimberlite  at  8  GPa,  in  comparison  to 
composition  of  diamond  micro  "fluid"  inclusion  (Navon  et  al.  1988) 


— 

Aphanitic 

kimberlite 

Macrocrystic 

kimberlite 

melt 

1350°C 

melt 

1300°C 

Inclusion 

inDiamond 

Si02 

40.9 

39.1 

37.1 

26.6 

25.4 

Ti02 

1.00 

1.02 

0.9 

1.1 

1.5 

ai2o3 

5.23 

3.05 

3.4 

4.8 

3.8 

FeOT 

8.43 

8.38 

8.4 

2.4 

3.1 

MgO 

18.4 

30.2 

17.0 

18.9 

1.7 

CaO 

9.37 

6.18 

9.2 

8.0 

6.6 

Na20 

1.22 

0.17 

1.7 

1.7 

1.8 

K20 

5.92 

3.55 

6.3 

10.6 

14.6 

P2O5 

1.09 

0.79 

1.7 

2.8 

2.0 

CO2 

6.70 

4.37 

10.6 

17.1 

11.2 

h2o 

1.94 

3.31 

3.1 

4.7 

27.2 

Fig.  1.  P-T  diagram  for  the  aphanitic  kimberlite  composition  (left)  and  for  the 
macrccrystic  kimberlite  composition  (right). 
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LAWS  OF  STRUCTURAL  CONTROL  OF  LOCALIZATION  OF  KIMBERLITE  PIPES 


IN  THE  DALDYN  FIELD  FROM  CDPM  SURVEY  DATA 
Yanygin,  V.V. 

Yakutsk  Institute  of  Geosciences,  Siberian  Branch  of  the  Russian  Academy  of  Sciences, 
Yakutsk  677891,  Russia. 

Structural  criteria  for  local  forecast  of  buried  kimberlites  can  be  developed  on  the 
basis  of  detailed  deciphering  of  structures  of  the  known  kimberlite  fields,  recognition  of 
structural  control  factors,  and  determination  of  concrete  structural  positions  of  kimberlite 
bodies. 

Under  geological  conditions  of  the  eastern  part  of  the  Siberian  platform,  a  CDPM 
survey  is  the  most  effective  tool  to  solve  the  above  tasks  because  other  geological- 
geophysical  methods  used  in  search  of  kimberlites  yield  information  of  quite  limited 
structural  value. 

Review  of  the  efforts  to  solve  structural  tasks  using  CDPM  data  in  light  of  the 
Daldyn  kimberlite  field  (Pavlikov,  1976;  Chaplygin  &  Kalinin,  1978;  Milyaev  &  Kalinin, 
1979;  Poltoratsky  et  al.,  1982;  Podmogov  et  al.,  1983,  1987;  Merzlyakova  et  al.,  1985) 
demonstrates  that  the  value  of  the  obtainable  geological  information  depends  much  on  a 
purposeful  choice  of  the  structural  mapping  surface. 

Careful  analysis  and  re-interpretation  of  CDP  sections  obtained  from  seismic  surveys 
carried  out  in  the  Daldyn  field  has  revealed  that  most  informative,  for  studying  the 
structure  of  the  field,  is  the  surface  of  the  roof  of  a  crystalline  basement  because  structural 
reconstructions  made  on  the  basis  of  any  of  the  seismic  reflecting  horizons  in  a 
sedimentary  cover  fail  to  fully  reflect  hidden  basement  faults  which  largely  control  the 
structure  of  the  kimberlite  field.  Special  attention  was  given  to  identification  and  tracing 
of  hidden,  ancient,  small-amplitude  synvolcanic  faults  in  the  basement  and  the  late 
Precambrian  sequence  at  the  base  of  the  sedimentary  cover.  As  a  result,  the  author  has 
constructed  a  map  of  basement  dislocations  which  is  alternative  to  the  previous  maps 
compiled  on  the  basis  of  the  seismic  horizon  VR-2  (upper  part  of  late  Precambrian 
carbonate  sediments)  and  reflects  objective  laws  of  structural  control  of  localization  of 
kimberlites. 

It  has  been  found  that  the  Archean  crystalline  basement  (at  2.25-2.5  km  depth)  of 
faulted-block  structure  has  zones  and  relic  zones  of  late  Precambrian  faults  of  ENE  (60- 
65°),  sublatitudinal  (70-75°)  and  NW  (310-320°)  strike.  The  ENE  and  sublatitudinal 
ancient  faults  (fractures)  are  right-lateral  strike  slips,  with  horizontal  offset  of  100  to  600 
m.  The  largest  pipes  of  the  field  Udachnaya  and  Zarnitsa  -  are  located  in  fault  zone  of 
strike  slips  with  horizontal  offset  of  500  to  600  m  on  total. 

A  set  of  kimberlite-controlling  and  kimberlite-localizing  faults  of  Order  II-III 
consists  of  discretely  reactivated  dislocations  of  the  NE-striking  master  fault  zone,  as  well 
as  synvolcanic,  superposed  dislocations  orientated  at  58-60  azimuth,  coincident  with  the 
strike  of  the  z-principal  strain  axis.  Amplitudes  of  vertical  offsets  of  synvolcanic  faults 
along  base  sequences  of  the  sedimentary  cover  do  not  exceed  50  m.  Together  with  the 
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discretely  reactivated  NW  faults  of  similar  order,  they  form  an  irregular  but  clearly  defined 
rhombic  network. 

The  bulk  (77%)  of  kimberlite  bodies  of  the  field  is  found  to  be  restricted  to  a 
disturbed  rhombic  block  measuring  15  km  by  16  km.  The  block  is  delineated  by  an  outer 
fault  frame  and  badly  disturbed  by  internal  upper  crust  faults  to  form  the  rhombic 
network.  The  spatial  position  of  the  block  is  entirely  controlled  by  a  fragment  of  a  15  km 
wide,  somewhat  arcuate,  ancient  major  fault  zone  of  NE  strike.  In  the  southern  and  south¬ 
western  parts  of  the  territory,  there  are  two  closely  associated  and  one  separate  linear- 
chain  group  of  kimberlite  bodies  restricted  to  blocks  measuring  2. 1  -2V25  km  by  2.2  km  and 
1 .5  km  by  2.5  km.  These  are  structural  components  of  larger  5x6  km  blocks. 

Linear  and  local-junction  structural  elements  have  been  identified  which  control  the 
localization  of  the  kimberlites.  The  linear-group  localization  is  controlled  by  0.5- 1.5  km 
wide  subzones  bounded  by  Order  II  fractures.  The  length  of  the  subzones  varies  from  5-7 
km  to  17-35  km.  Within  the  major  kimberlite-enclosing  fault  block,  there  are  8  subparallel 
subzones  divided  by  300-750  m  wide  longitudinal  blocks.  In  the  southern  part  of  the  field, 

3  kimberlite-controlling  and  7  discrete  potentially  kimberlite-controlling  subzones  have 
been  identified. 

Discrete,  often  en  echelon  series  of  swarms  of  magma-feeding  dilation  (break  away) 
and  tension  fractures  of  Order  III  are  grouped  into  50-350  m  wide  and  4-17  km  long  belts 
with  orientation  at  58-60.  The  discrete  character  of  the  kimberlite-localizing  fracture 
(joint)  belts  arises  from  their  blocking  by  crosscutting  dislocations  and  from  their 
convergence  with  the  peripheral  fractures  of  the  kimberlite-controlling  subzones.  At  the 
intersections  of  individual  magma-feeding  fracture  belts  with  the  crosscutting  subzones  of 
NW  strike,  there  are  up  to  2  km  long  local  tension  fractures  that  control  a  chain  of  two  to 
five  kimberlite  bodies.  Some  tension  fractures  of  Order  IV  localize  kimberlite  veins  or 
dikes. 

A  topological  series  of  linear  structural  elements  has  been  identified  which  control  a 
linear-group  localization  of  kimberlites:  zone  -  subzone  -  belt  of  break-away  or  tension 
fractures  -  individual  break-away  or  tension  fracture,  which  respectively  exert  control  on 
kimberlite  fields,  groups  and  chains,  chains  and  individual  bodies,  individual  associated 
pipes,  veins  or  dikes. 

The  local-junction  localization  of  kimberlite  bodies  is  controlled  by  intersection  of 
the  kimberlite-controlling  fractures  (faults)  with  the  crosscutting  dislocations  of  similar 

order  (rank).  Local  control  is  exerted  by  a  rhombic,  fracture-junction  structural  unit.  Its 
size  determines  the  crosscutting  parameters  of  the  intersecting,  similar-order  elements  of 
the  structural-fault  network.  The  size  of  the  field-controlling,  zoned  block-frame  is  15  km 
by  15-17  km.  Subzonal  junctions  correspond  to  blocks  measuring  from  700  m  by  750  m  to 
2.25  km  by  2.25  km.  Typical  size  is  1.5  km  by  1.5  km.  Their  structural  units  accomodate 
groups  of  2  to  4  kimberlite  bodies  or  chains  of  2  to  5  bodies.  Individual  bodies  are,  as  a 
rule,  controlled  by  units  of  fracture  junctions  measuring  50  m  by  50  m  to  350  m  by  400  m. 

The  identified  topological  series  of  the  fault-structural  units  which  control  a  local 
areal  distribution  of  the  kimberlites  is:  zoned  frame  -  subzonal  junction  -  fracture  junction, 
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with  corresponding  control  being  that  of  a  field,  group  or  chain  of  adjacent  bodies, 
individual  pipe. 

From  the  direction  of  the  longer  axes  of  the  kimberlites  (data  of  the  Amakinsk 
Geological  Survey),  the  following  conclusion  has  been  made:  35  %  have  orientations  at  30- 
57°  ,  coincident  with  (theoretically  feasible)  left-lateral;  35  %  at  62-90°,  coincident  with 
right-lateral  dilation  joints;  16  %  at  292-333°,  coincident  with  joints  of  the  NW  striking 
faults;  9  %  have  orientations  at  180  or  270°.  Only  5  %  of  kimberlite  bodies  have 
orientations  coincident  with  that  of  the  kimberlite-controlling  faults  (58-60°).  This 
indicates  that  the  longer  axes  of  kimberlite  pipes  cannot  serve  as  a  basis  for  tracing 
kimberlite-controlling  dislocations. 

Paragenetic  unity  of  the  fractures  and  the  depressional  tectonic  structures  controlled 
by  them  mainly  stipulates  the  location  of  kimberlite  bodies  within  them  or  on  their 
periphery.  It  allows  to  consider  the  latters  as  the  direct  structural  objects  of  local  diatrem 
control.  It  permits  to  introduce  the  idea  of  kimberlite  depressional  structural  trap  or  nishe, 
among  which  pick  out  volcano-tectonic  grabens,  structures  of  block  depression  and 
draben-synclines. 

The  predominant  role  of  the  junctions  (intersections)  of  the  faults  of  different  order 
(rank)  in  controlling  the  position  of  kimberlites  and  the  established  laws  of  their  structural 
tectonic  control  allows  to  consider  them  as  key  structural  criteria  for  forecast  of  the 
localization  of  the  buried  kimberlite  bodies. 
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MAIN  EPOCHS  OF  UPPER  MANTLE  ACTIVIZATION  IN  THE  SIBERIAN 
PLATFORM 

Zaitsev  A .  I  .  , Safronov  A . F . 

Yakutian  Institute  of  Geoscience , Lenin  avenue , 39 , Yakutsk , Russia 

Results  of  isotopic  dating  of  rocks  and  deep  xenolith  mine¬ 
rals  from  kimberlites  from  nine  fields  of  the  north-eastern  Si¬ 
berian  platform,  obtained  using  different  methods  (Sm-Nd,  Rb-Sr, 
K-Ar , Ar-Ar , Re-Os , Pb-Pb )  in  different  laboratories  of  the  wordl , 
show  a  significant  isotopic  and  age  heterogeneity  of  the  regio¬ 
nal  mantle.  This  reflects  several  stages  of  differentiation  and 
transformation  of  upper  mantle  mater ial (def ormat ion , melting  and 
metasomatosis )  in  the  period  of  3.2-0.14  b.y.  ago. 

The  earliest  stage  (3. 2-2.0  b.y.)  has  been  recorded  by 
Sm-Nd  and  Re-Os  determinations  for  depletion  per iods , dunites  and 
a  megacrystal  period  from  the  Udachnaya  pipe  (Pokhilenko  et  al . , 
1993;  Boyd  et  al . ,  1994).  The  latter  contain  low-Ca  pyropes  with 
signs  of  metasomatic  enrichment  having  Sm-Nd  model  ages  of  2.7 
and  2.0  b.y.  Depleted  garnet  peridotites  from  the  Mir  pipe  yield 
close  Sm-Nd  (3  b.y.)  and  Rb-Sr  (2.1  b.y.)  model  ages.  Older  ages 
are  related  to  mantle  depletion,  whereas  younger  ones  to  deep 
metasomatosis.  A  garnet  peridotite  from  Obnazhonnaya  pipe  has  a 
Sm-Nd  age  of  2.6  b.y.  (McCulloch,  1989)  and  isotopic  indications 
of  depletion.  Eclogites  from  the  Udachnaya  pipe  yield  a  similar 
Sm-Nd  isochron  age  (Jacob  et  al.,1993).  Sr  isotopic  compositions 
of  the  eclogites  (0.70226-0.7070)  correspond  to  characteristics 
of  both  depleted  and  enriched  mantle. 

The  following  stage  (1540-1720  m.y.)  has  been  recorded  by 
Sm-Nd,  K-Ar  and  Rb-Sr  data  on  eclogite  xenoliths  from  the  Obnaz¬ 
honnaya  and  Sludyanka  pipes,  a  garnet  Iherzolite  from  the  Mir 
pipe,  as  well  as  phlogopites  from  garnet  peridotites  and  pyroxe- 
nites  from  the  Udachnaya  pipe  (Zaitsev  et  al . ,  1984;  Gerling  et 
al  .  ,  1969; Zhuravlev  et  al . ,  1991;  McCulloch,  1989).  Initial  Nd 
isotope  composition  of  the  samples  from  the  Mir  pipe  indicates  a 
depleted  character  of  the  mantle,  whereas  the  rocks  from  Udach¬ 
naya  (in  terms  of  Sr)  indicate  an  enriched  mantle  source. 

Next  stage  (1.3  b.y.)  is  characterized  by  a  deep  metasoma¬ 
tosis  event.  A  garnet  pyroxenite  from  the  Obnazhonnaya  pipe  with 
a  Sm-Nd  age  of  1320  m.y.  yields  £Nd  =  -2.62  (McCulloch,  1989), 
whereas  serpentinized  xenoliths  from  Leningradskaya  pipe  with  a 
whole-rock  isochron  age  of  1313  m.y.  have  initial  Sr  isotope 
composition  of  0.7043.  In  both  cases,  the  samples  show  characte¬ 
ristics  of  an  enriched  mantle. 

Eclogite  xenoliths  from  the  Mir  pipe  and  garnet  peridotites 
from  the  Udachnaya  pipe  with  Rb-Sr  ages  of,  correspondingly, 
1220  m.y.  and  1203  m.y.  (Zaitsev  et  al.',  1985),  as  well  as  gar¬ 
net  peridotites  from  the  Mir  pipe  with  a  Sm-Nd  age  of  910  m.y. 
(Zhuravlev  et  al . ,  1991)  are  consistent  with  depleted  mantle  ma¬ 
terial.  Serpentinized  xenoliths  from  Leningradskaya  pipe  with  a 
Rb-Sr  isochron  age  of  1088  m.y.  (Zaitsev  et  al . ,  1985)  represent 
an  enriched  source. 

The  period  from  600  to  850  m.y.  witnessed  intense  events, 
including  metasomatic  transformations.  Peridotite  xenoliths  from 
the  Mir,  Udachnaya,  Komsomolskaya ,  Jubilee,  and  Evenkiyskaya  pi- 
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pes  have  Rb-Sr  whole-rock  isochron  ages  of  600-866  m.y.  and  ini¬ 
tial  Sr  isotope  composition  within  0.7031-0.7111  (Zaitsev  et 
al  .  ,  1985)  .  K-Ar  ages  of  xenoliths.  from  the  Obnazhonnaya  pipe 

(Maikov,  1979;  Firsov  and  Sobolev,  1969),  of  phlogopite  and  oli^ 
vine  megacrysts  from  a  number  of  pipes  in  the  Chokurdakh  field 
and  from  the  Leningradskaya ,  Joe  and  Sharik  pipes  fall  within 
506-866  m.y.  An  eclogite  xenolith  from  the  Obnazhonnaya  pipe  has 
a  Sm-Nd  age  of  674  m.y.  and  CNd  of  -5.5  (enriched  mantle) 
McCulloch,  1989);  various  eclogites  from  the  Mir  pipe  yield 
Rb-Sr  ages  of  531-664  m.y.  and  initial  Sr  isotope  composition  of 
0,7068-0,7072  (Zaitsev  et  al . ,  1984). 

The  Phanerozoic  stage  of  mantle  events  is  recorded  by 
Rb-Sr,  Sm-Nd  and  K-Ar  ages  of  eclogite  and  peridotite  xenoliths 
and  phlogopite  megacrysts  from  the  Udachnaya ,  Mir,  Obnazhonnaya 
and  Evenkiyskaya  pipes.  In  the  eclogites,  isotope  compositions 
of  Nd  (^Nd=  +  5  and  +9  >  Zhuravlev  et  al.,1987;  Karpenko  et  al  .  , 
1987)  and  Sr  (0.7008-0.7035;  Zhuravlev  et  al . ,  1987;  Karpenko  et 
al .  ,  1987;  Zaitsev  et  al . ,  1985)  correspond  to  a  depleted  mantle 
source.  Various  peridotites  and  pyroxenites  show  initial  Sr  iso¬ 
tope  composition  of  0.7033-0.7085). 

The  Mesozoic  stage  is  recorded  in  xenoliths  of  phlogopi- 
te-ilmenite  harzburgites  from  the  Obnazhonnaya-  pipe  which  yield 
a  Rb-Sr  isochron  age  on  phlogopites  of  140  m.v.  and  initial  Sr 
isotope  composition  of  0.7087. 

It  appears  that  the  formation  of  diamonds  also  had  several 
stages.  Pb-Pb  model  ages  of  sulphides  of  peridotitic  paragenesis 
from  the  central  zones  of  diamonds  from  the  Udachnaya  pipe  are 
2.25-2.2  b.y.  and  1.8  b.y.  (Rudnick  et  al . ,  1993).  Similar  sulp¬ 
hide  inclusions  in  diamonds  from  the  Mir  pipe  yeild  somewhat 
younger  Pb-Pb  model  ages  (1.4-1. 5  b.y.).  According  to  Rudnick  et 
al .  (1993),  the  core  zones  of  diamonds  grew  in  a  geochemical  en¬ 

vironment  close  in  U-Pb  systematics  to  the  primitive  mantle, 
whereas  sulphides  from  the  intermediate  zones  are  consistent 
with  a  U/Pb-enr iched  mantle  substrate.  Some  sulphides  of  eclogi- 
tic  paragenesis  have  a  Pb-Pb  model  age  of  around  1  b.y.  This  is 
in  accord  with  Burgess  and  others'  (1992)  data  on  40Ar-39Ar  ages 
of  eclogitic  cl inopyroxenes  in  diamonds  from  the  Udachnaya  pipe. 
Cl inopyroxene  inclusions  from  the  central,  intermediate  and  pe¬ 
ripheral  growth  zones  in  diamonds  yield,  respectively,  1149,  831 
and  344-575  m.y. 

Comparison  of  isotope  datings  and  isotope  systematics  of 
xenoliths  with  PT-conditions  of  their  formation  reveals  several 
points  of  interest.  There  shows  up  some  trend  of  relationship 
between  isotope  ages  and  depths  of  origin  of  xenoliths.  Xeno¬ 
liths  with  the  oldest  isotope  datings  come  from  shallower 
depths.  For  some  pipes,  higher-temperature  xenoliths  yield  youn¬ 
ger  isotope  ages. 

The  epochs  of  mantle  processes  are  directly  recorded  in  the 
presence  of  products  of  basic,  kimberlite  and  alcal ine-ul traba- 
sic  (with  carbonat i tes )  magmatism  in  the  Yakutian  province. 
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Kimberlite  rocks  of  the  Kharamai  field  (south-western  slope  of  the  Anabar  anteclise)  are 
comparable  in  mineralogy  and  composition  to  Type  1  (Subtype  IB)  kimberlites  from  South  Africa 
(Smith  et  ah,  1985).  The  rocks  show  massive  and  micaceous  varieties.  High  mica  contents  of  the 
rocks  are  due  to  a  higher  amount  of  differentiation  of  kimberlite  melts;  in  potassium  contents,  the 
rocks  are  closer  to  Type  2  kimberlites.  In  massive  kimberlites,  increased  contamination  index  ( 1 .78). 
coupled  with  lower  SiCU  and  MgO  and  higher  CaO  contents,  suggests  partial  assimilation  of 
sedimentary  carbonates  by  melts. 

Rb-Sr  ages  of  individual  kimberlite  samples,  determined  on  their  groundmass  (GM)  using 
acid  leaching  technique,  range  within  135-186  Ma  and  predominantly  within  156-177  Ma  (mean 
165  Ma).  On  a  Rb-Sr  diagram, kimberlite  points  form  two  isochrons:(l)age=179  ±9  Ma, initial  Sr 
isotope  ratio  R»=  0.7071  ±0.0002;  (2)  age=169  ±6  Ma,  R„=0.7057  ±0.0002. 

Separate  study  of  Rb  and  Sr  concentrations  in  the  bulk  composition,  silicate  fraction  (SF) 
and  carbonate  fraction  (CF)  of  GM  has  revealed  that  the  Kharamai  kimberlites  are  intermediate 
between  analogous  kimberlites  from  the  southern  and  northern  fields  of  the  Yakutian  province  and 
are.  on  the  average,  closer  to  those  from  the  Mir  and  Udachnaya  pipes  in  the  87Rb  content  of  bulk 
GM  (7.72-33.97  mkg/g;  mean  16.253  ±7.081  mkg/g)  and  of  SF  of  GM  (9.26-70.32  mkg/g.  mean 
23. 1 747  ± 1 4.54  mkg/g),  as  well  as  in  the  86Sr  content  of  bulk  GM  (24.086-2 1 3. 1 44  mkg/g;  mean 
101.587  ±41.71  mkg/g)  and  of  SF  of  GM  (2.093-31.041  mkg/g;  mean  17.987  ±6.779  mkg/g).  The 
carbonate  fraction  constitutes  24.99-59.34  per  cent  of  the  bulk  composition  of  GM  and  contains 
37-504  mkg/g  86Sr,  or  40.58-98.82  percent  (mean  90.42  percent)  of  total  strontium  in  GM. 

The  initial  Sr  isotope  ratio  of  most  of  the  studied  samples  varies  between  0.7068  and  0.7078 
(mean  0.7071  ±0.0002). However,  kimberlites  from  the  Achtakh  and  Bololo-l  pipes  show 
simultaneously  lower-end  (0.7054-0.7056)  and  higher-end  values  (0.7086-0.7 1 07)  of  Ro.  Nature  of  a 
number  of  geochemical  relationships  of  the  kimberlites  suggests  that  they  originated  from  two 
melts  different  in  Sr  isotope  composition,  with  the  "older"  kimberlites  (177  Ma)  coming  from  a 
more  lithophile-enrichcd  source  ( R()=0. 7068-0. 707 1 )  than  the  "younger"  ones  (169  Ma;  Ro=0.7Q54- 
0.7056).  A  shift  in  initial  Sr  isotope  compositions  towards  higher  values  was  initially  due  to  the 
extent  of  interaction  of  kimberlite  melts  with  the  Cambrian  carbonate  wallrocks  (0.7074-0.7078), 
and  subsequently  to  hypergenesis  processes  following  the  consolidation  of  the  kimberlites  (0.7086- 
0.7107). 


Garnet  pyroxenites  (three  samples)  and  a  spinel  peridotite  from  xenoliths  in  kimberlites  of  the 
Evenki  pipe  are  characterized  by  low  87Rb  contents  (1.127-1.893  mkg/g);  and,  in  their  8(,Sr  contents 
(10.595-20-121  mkg/g).  they  are  close  to  SF  in  GM  of  the  kimberlites.  The  peridotite  sample  (PS- 
92/ 1600)  yields  a  Rb-Sr  model  age  of  668  Ma  and  Ro  of  0.7055.  For  the  garnet  pyroxenites,  the  Rb- 
Sr  mineral  isochrons  (rock,  garnet,  clinopyroxene)  yield;  sample  S-23/1:  405  ±58  Ma,  Ro=0.7040 
±0.0006;  sample  Sell- 1/5.  440  ±21  Ma,  R„=0.7041  ±0.0002;  sample  b/N;  478  ±28  Ma,  R„=0.7036 
±0.0001 ).  During  emplacement  of  the  Evenki  kimberlites, Sr  isotope  composition  of  the  peridotites 
was  0.7060,  whereas  that  of  the  pyroxenites  was  0.7043.  In  general,  pyroxenites  and  their  minerals 
(n=9)  give  a  calculated  Rb-Sr  isochron  age  of  432  ±23  Ma  and  Ro  of  0.7039  ±0.0002  ( lo).  The  older 
ages  and  much  lower  initial  Sr  isotope  ratios  of  the  xenoliths  compared  to  the  kimberlites  from  the 
Evenki  pipe  indicate  that  they  differ  in  origin  and  are  not  equilibrated  in  Sr  isotopes. 

Some  inconsistencies  in  Rb-Sr  mineral  ages  of  the  pyroxenites  appear  to  reflect  an  open 
nature  of  their  Rb-Sr  systems.  Sr  isotope  disequilibrium  on  a  mineral  scale  is  typical  of  all  the 
pyroxenile  samples,  particularly  sample  b/N  wherein  orthopyroxene  has  a  very  high  Sr  isotope  ratio 
unsupported  by  its  low  Rb/Sr  ratio. 

The  obtained  Rb-Sr  ages  can  be  interpreted  as  follows: 

I  .They  reflect  pre-kimberlite  mantle  events. 

2.1  hey  are  intermediate  figures  between  ages  of  origin  and  ages  of  metamorphism  of  the 
xenoliths.  '  678 


3. They  record  the  "freezing"  time  of  the  Rb-Sr  system  of  minerals  when  rocks  moved  from  a 
higher  temperature  region  to  a  lower  temperature  one  causing  the  system  become  closed  for 
strontium  diffusion. 

By  calculating  model  Rb-Sr  ages  (Tbabi)  of  the  rocks  relative  to  the  Earth's  age,  one  can 
tentatively  assess  the  character  of  fractionaton  of  their  Rb-Sr  systems  during  evolution,  as  well  as 
the  R7Rb/R6Sr  of  their  source. 

For  the  pyroxenites,  a  close  similarity  in  the  calculated  x7Rb/86Sr  for  their  source  (0.0817- 
0.0833)  and  in  Ro  (0.7036-0.7041)  suggests  similar  Rb-Sr  systems;  with  this,  a  model  Rb-Sr  age  of 
their  formation  is  estimated  at  771-924  Ma  (mean  822  ±  88  Ma). Within  this  time  period,  the  Rb/Sr 
ratio  and  Ro  values  of  the  source  of  the  pyroxenites  practically  coincide  with  those  of  the  primitive, 
undifferentiated  mantle.  Thus,  the  Rb-Sr  mineral  ages  of  the  pyroxenites  are  likely  to  reflect  the 
"closing"  time  of  their  Rb-Sr  systems  upon  cooling  of  these  lithospheric  areas  to  relatively  low 
temperatures.  Partial  re-equilibration  of  the  isotope  systems  of  the  pyroxenites  occurred  during 
episodes  of  entrapment  in  a  kimberlite  melt  and  transportation  to  the  surface  with  some  Rb 
addition  and  more  important  Sr  addition.  The  observed  inverse  relationship  between  Rb-Sr  ages 
and  Sr  contents  of  the  pyroxenites  indicates  a  stronger  influence  of  a  kimberlite  melt  on  the 
"younger"  xenoliths. 

The  spinel  peridotite  appears  to  have  had  a  more  complicated  history.  It  has  a  rather  high 
initial  Sr  isotope  composition  unsupported  by  its  Rb/Sr.  It  most  probably  originated  in  an  enriched 
mantle,  with  higher  rubidium  versus  strontium  contents.  As  compared  to  the  pyroxenites,  its  Sr 
isotope  system  "freezed"  much  earlier,  due  to  either  earlier  removal  from  high-gradient  conditions 
or  higher  position  in  the  mantle.  Some  of  its  rubidium  was  probably  lost  upon  cooling  of  the  rocks. 

Consideration  of  the  data  obtained  on  a  "  Ro-age"  diagram  shows  that  the  evolution  path  of 
the  kimberlites  with  Ro=0. 7068-0. 707 1  coincides  with  that  of  strontium  in  spinel  Iherzolitcs, 
whereas  the  path  of  the  kimberlites  with  R»=0. 7054-0. 7056  is  coincident  with  that  of  garnet 
pyroxenites.  T  his  makes  it  possible  to  draw  analogies  between  possible  sources  of  kimberlite  melts 
and  the  varieties  of  kimberlites  from  the  Kharamai  field. 
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DIAMONDS  FROM  LOMONOSOV  MINE  OF  ARCHANGELSK  REGION 


O. Zakhar chnko,  M.  Botova,  G.Khachatryan  (Cent. Res. Inst. of  Prosp.for  Base 
and  Prec. Met., Moscow ),V.Lapushkov  (Transbaikaien  Research  Institute,  Chita); 

K.Matsev  (Institute  of  Geochemistry  of  Russian  Academy  of  Science,  Moscow),  H.Milledge 
(University College),  Ye. Sobolev, O.Yurjeva  (Inorganic  Chemistry,  Siberian  Department 
of  Russian  Academy  of  Science,  Novosibirsk) . 

A  broad  set  of  investigations  involving  the  examination  of  interrelations  between  different 
properties  of  diamonds  has  been  carried  out  for  diamonds  from  kimberlite  pipes  of 
Arkhangelsk  region  using  a  common  representative  collection  of  diamond  crystals.  The  results 
of  these  investigations  represent  an  important  information  as  regards  diamond  genesis  and  dia¬ 
mond  raw  material  quality  characterization.  The  table  N 1  gives  an  account  of  the  principal 
groups  of  diamonds  from  kimberlite  pipes  of  the  Lomonosov  diamond  deposit.  These  groups 
have  been  established  as  a  result  of  multivariate  studies,  each  individual  group  of  dia¬ 
monds  being  characterised  by  distinct  morphological,  photoluminescent  and  photoelectric  prop¬ 
erties  of  nitrogen  (in  various  forms)  and  hydrogen,  compositions  of  mineral  inclusions  and 
internal  structures.  Several  hundred  thousands  of  diamond  crystals  put  atnour  disposal  by 
Yuras  prospecting  expedition  and  Beiomor  survey  expeditions  of  "Arckangelskgeologia"  and 
by  prospecting  expedition  No  17  of  "Nevskoye"  GEA  have  been  subjected  to  studies  carried 
out  in  sufficient  detail. 

The  studies  of  the  morphology  of  diamond  crystals  have  been  performed  with  the  use  of 
Wild  Heerbrugg  M-400  binocular  microscope  and  Hitachi-620  scanning  electron  microscope, 
which  have  been  used  for  taking  microphotographs.  The  internal  morphology  of  diamonds 
has  been  studied  by  means  of  the  polarization-optical  method  (examination  of  birefrin¬ 
gence  microscope)  and  chromatic  cathodoluminescence  (CCL)  method;  the  CCL  studies  have 
been  carried  out  with  the  use  of  a  luminoscope  made  by  Newclide  Co.  The  characteristics  of 
luminescence  occurring  by  UV  irradiation  of  diamonds  have  been  studies  using  as  a  source  of 
radiation  for  photoluminescence  quartz  mercury  lamp  at  liquid  nitrogen  temperatures  IR  spec¬ 
tra,  providing  a  means  for  the  determination  of  nitrogen  (in  IaA,  IaB  and  Pforms)  and  hy¬ 
drogen  impurity  contens  in  diamonds,  were  recorded  by  means  of  Specord  IP  75  spectrometer 
(Karl  Zeiss,  Jena)  with  resolution  of  4-6  cm  -1.  Concentrations  of  nitrogen  impurity  in  N  form 
were  determined  by  the  electron  paramagnetic  resonance.  Photocurrent  spectra  were  recorded 
with  the  use  of  an  apparatus  involving  spectrometer  and  a  specially  adapted  sample  holder. 
Isotopic  analyses  have  been  carried  out  by  means  of  VARIAN-MAT-230  mass-spectrometer 
with  an  accuracy  of  0. 1  o/oo.  The  determination  of  chemical  compositions  of  mineral  in¬ 
clusions  in  diamonds  has  been  performed  using  Comebax  Microbeam  X-ray  microanalyser  at 
accelerating  voltage  of  15  kV  and  current  of  15  mA. 

The  groups  of  diamonds,  as  they  are  classified  herein,  are  commonly  present  in  all  the  kim¬ 
berlite  pipes  of  Arkhangelsk  region;  at  the  same  time,  each  pipe  is  characterised  by  its  own 
proportional  relationship  between  these  groups.  By  this  is  meant  that  individual  pipes  show 
the  individual  character  of  distribution  of  diamonds  by  their  different  properties.  This 
individuality  may  be  thus  considered  as  a  typomorphic  indicating  character  which  might  be 
useful  in  searching  and  prospecting  diamond  deposits. 
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THE  FAR  EASTERN  PROVINCES  OF  KIMBERLITES,  AMPROITES,NEPHELINITES, 
ALCALINE  BASALTOIDS,  HYPERBASITES  AND  OF  ACCOMPANYING  ROCKS. 

Zalishchak1 ,  B.L.,  Solyanik1,  V.A. 

1.  Far  Eastern  Geological  Institute,  FED  RASc,  159,  Prospect  100-letia  Vladivostoka, 
Vladivostok,  690022,  Russia. 

This  is  the  first  attempt  to  generalize  the  items  of  information  about  all  complexes  known, 
about  occurrences  and  outcrops  of  kimberlites,  lamproites,  alcaline  basaltic  rocks  and 
outcrops  isolated  (diatrems?)  of  ultrabasites  and  accompanying  rocks.  All  these  rocks  are 
located  in  various  tectonic  structures  within  Primorye,  Khabarovsk  and  Amur  regions, 
Sakhalin  Island  and  Southern  Korea  territory.  The  age  interval  for  these  rocks  ranges  from 
Pre-Cembrian  to  date.  These  rocks  are  known  to  occure  practically  in  all  structural  - 
formational  zones  of  the  Far  Eastern  sector  of  the  Pacific  Belt,  but  they  are  found  in  different 
quantities.  However,  only  part  of  the  provinces  known  were  thoroughly  investigated 
geophisically.  That  is  why  the  real  distribution  of  these  rocks  in  the  concealed  outcrops  of 
taiga  and  marshy  localities  is  not  known  yet. 

Kimberlites  are  identified  within  articulation  zone  of  Khanka  massif  and  Sikhote-Alin 
folding  region  in  Anjui  massif  (the  Northern  Sikhote-Alin).  Lamproites  and  related  rocks 
which  are  studied  unsufficiently  well  so  far  are  registered  in  Amur  depressions  and  in  coal¬ 
bearing  basins  to  the  west  from  Sikhote-Alin  folding  region.  Nephelinites  are  known  as 
components  of  Ussuryisk  series  (Primorskyi  region)  and  at  Sakhalin  Island.  Volcanic  and 
extrusive  bodies  consisting  of  alcaline  basaltic  rocks  of  sodium  and  potassium  gradations  are 
most  widly  distributed.  They  form  both  compact  areals  and  outcrops,  the  latter  are  confined 
to  the  deep  faults. 

Because  of  prolonged  evolution  of  magmatic  process,  the  complexes  of  different 
composition  and  age  are  combined  spatially  in  several  areas.  Both  ultrabasites  (meimechites, 
picrites,  komatiites)  and  basaltic  rocks  of  normal  and  alkaline  series  are  found  in  some 
complexe  compositions.  The  rocks  considered  contain  xenolithes  of  the  host  rocks^  ultrabasic 
nodules,  ultratelluric  phenocrysts,  xenocrysts.  Some  minerals  from  rocks  mentioned  above 
could  be  called  high-pressure  ones.  Several  discoveries  of  accessory  diamonds  are  known  at 
present. 

Analysis  of  data  above  cited  suggests  to  conclude  that  consolidated  platform,  plums,  and 
hot  spots  have  played  a  key  role  in  the  development  of  Mesozoic  activization  zones.  This 
conclusion  supports  the  idea  that  the  duration  of  magmatic  process  was  about  1  to  2  million 
years  and  that  magmatic  rocks  have  been  heterogeneous.  It  should  be  noted  that  the 
evaluation  of  the  diamond  content  of  the  provinces  of  ultramafic  and  alcaline  rocks  has  not 
been  done  yet. Therefore  all  Far  Easten  provinces  deserve  equal  attention. We  suspect  that 
territories  with  high  occurrence  of  rocks  varying  in  age  and  composition  are  likely  to  have 
good  prospects  for  diamond  content. 
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PROBABILITY  OF  EXISTANCE  OF  RICH  GEM-QUALITY  DIAMONDS  DEPOSITS 

Zeilik,  B.S. 

Department  of  computer  and  Information  Technologies  of  Kazakh 
Scientific  Research  Institute  of  Mineral  Resources,  Almaty 
480012,  Bogenbai  batir  str.192,  ap.17.  Republic  of  Kazakhstan 

The  known  primary  gem  -  quality  diamonds  deposits  are 
placed  in  diatrems  of  Kimberlites  and  lamproites. 

Since  1871  or  since  of  moment  of  discovery  of  first 
Kimberlites  diatrems  in  South  Afrika  all  exploration  of 
primary  diamondif erous  occurrences  were  oriented  usually  on 
the  finds  of  explosive  pipes. 

The  primary  diamondif erous  deposits  are  regarded  as 
"traditional"  diamonds  hosts  with  grades  of  up  to  the  first 
ct/t . 

Attention  should  be  paid  to  the  fact  that  the  explosive 
pipes  usually  contain  the  depth  xenoliths  of  diamondif erous 
peridotites  and  eklogites.  The  diamond  contents  of  the 
xenoliths  is  from  50  to  300  times  (Kvasnitsa  V.N.,  1985),  and 

in  discrete  case  to  thousands  times  greater  than  in 
Kimberlites . 

The  presence  of  the  depth  xenoliths  supports  the  long 
held  concept  that  Kimberlites  only  act  as  suppliers  and 
transport  agents  for  diamonds  to  the  earth's  surface  (T. 
Bonney,  N.N.  Sarsadskih) . 

The  discovery  of  the  pipe  Argail-I  in  West  Australia 
demonstrated  that  similar  transport  are  lamproites. 

The  variety  of  magma  serving  as  the  transport  agent 
confirms  the  xenolith  nature  of  diamonds  (Yu.L.  Orlov,  1977; 
B . A .  Maikov,  1978;  B . A .  Maikov,  A.M.  Askhabov,  1979;  G.O. 
Meier,  Kh.M.  Tsai,  1978)  in  relation  to  magmatic  formations 
performing  this  function.  Hence  there  are  grounds  to  suggest 
the  probable  existence  of  diamondif erous  deposits  represented 
by  large  erratic  masses  within  the  earth's  mantle-primary 
diamondif erous  peridotites  and  eclogites  that  are  actually  the 
parent  source  of  diamonds.  These  deep  mantle  rocks,  which 
occur  at  the  same  depth  as  diamonds  and  are  transported  with 
it  in  the  form  of  large,  erratic  masses  to  the  surface 
(described  by  N.V.  Sobolev  and  others  in  1986  as  the 
diamond-pyrope  facies),  could  form  an  entirely  new  unusual  and 
extremely  rich  type  of  diamond  deposit,  without  analogy  among 
existing  diamond  occurrences. 

The  fact  that  very  rich  diamondif erous  deposits  can  be 
found  deep  in  'the  mantle,  and  sometimes  within  the  earth's 
crust,  was  substantiated  by  research  out  in  1982  by  V.V. 
Slodkevich,  who  discovered  paramorphs  of  graphite  in  diamonds 
in  stratified  basic  and  ultrabasic  rocks  in  the  Beni-Busher 
pluton  in  Morocco.  This  discovery  of  apodiamondif erous 
octahedral  graphite  aggregates  in  primary  intrusive  garnet 
cl inopyroxinites ,  which  closely  resemble  eclogites  by  their 
mineral  content,  is  unique.  The  size  of  the  graphite  octahedra 
or  their  intergrowths  ranged  from  0,5  to  7,0  mm,  and  the 
graphite  makes  up  from  2-5  to  15%  of  the  volume  of  the  rocks; 
in  other  words,  it  acts  as  a  rock-forming  mineral  in  specific 
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zones . 

Furthermore  eclogites,  analogous  to  the  garnet 
cl inopyroxini tes  in  the  Beni-Busher  pluton,  are  known  to  occur 
as  xenoliths  in  kimberlite  pipes,  and  are  saturated  with  plane 
octahedra  of  sharp-sided  diamonds.  The  identification  of 
native  rocks,  similar  to  the  xenoliths  in  kimberlites  in  terms 
of  mineral  and  structural  features,  encouraged  V.V.  Slodkevich 
to  search  for  and  establish  a  previously  unknown  type  of 
diamond  -  bearing  deposit  -  stratified  plutons  -  that  occur 
within  the  earth's  crust. 

The  only  problem  is  that  diamond  crystals  in  an  erratic 
mass  in  the  mantle,  a  stratified  pluton  or  in  fragments  of 
these,  should  remain  unaltered  during  the  explosive, 
practically  instantaneous  ascent  of  kimberlite  magma  at  the 
moment  of  formation  of  diamond  pipes.  In  other  words,  the 
agent  that  transports  mantle  and  crustal  erratic  mass  material 
of  native  diamondif erous  ultrabasic  rocks  to  the  surface  must 
itself  be  explosive  in  nature,  and  must  also  be  several  times 
more  powerful  than  the  explosions  that  create  kimberlite  and 
lamproite  diatremes.  Evidence  for  such  immense  explosions 
occurs  in  the  form  of  megabreccia  that  is  found  in  the 
central  and  peripheral  parts  of  giant  astroblemes  (giablemes), 
formed  where  some  extra  -  terrestrial  body  has  penetrated  the 
earth's  crust  and  upper  mantle  and  created  something  similar 
to  vast  explosion  pipes. 

The  search  for  deposits  consisting  of  diamondif erous  peri- 
dotites  and  eclogites,  both  in  regions  of  megabreccia  in  Ka¬ 
zakhstan  and  elsewhere  in  the  world,  is  a  complex  problem  that 
requires  a  new  approach,  and  the  concept  of  impact  -  explosive 
tectonics  proposed  by  B.S.  Zeilik  in  1991  provides  a  starting 
point  for  this  task. 

However,  it  should  be  pointed  out  that  rich  accumulations 
of  diamonds  in  the  mantle  are  not,  apparently,  a  common 
phenomenon.  For  instance,  the  special  assaying  for  diamonds  on 
a  20  t  sample  of  xenolith,  peridotite  and  pyroxenite  taken 
from  kimberlite  pipes  in  South  Africa  did  not  reveal  a  single 
stone,  and  hence  N.V.  Sobolev  considers  that  "it  is  impossible 
to  agree  with  the  interpretation  of  the  whole  complex  of  deep 
xenoliths  in  kimberlites  as  being  fragments  of  potentially 
deep  diamondiferous  intrusions".  Nevertheless,  an  attempt  to 
search  for  such  deposits  .requires  an  adequate  level  of 
attention  on  two  counts:  their  potentially  high  grades  and  the 
fact  that  no  such  search  has  yet  been  made. 

An  indirect  indication  of  the  existence  of  a  similar 
types  of  deposit  was  the  discovery  of  high  -  quality  gem 
diamonds  in  placers  in  the  Urals  in  1829,  and  in  Kalimantan, 
where  the  first  discoveries  date  to  the  6th  -  10th  Centuries. 
Primary  sources  have  not  been  found  in  either  of  these  areas, 
although  massive  occurrences  of  ultrabasic  rocks  are  a  common 
phenomenon . 
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Lamproites  in  the  Yangtze  Craton,  China 

Zhang  Peiyuan1  and  Liu  Guanliang2 

1.  Ministry  of  Geology  and  Mineral  Resources,  P.R.  China 

2.  Yichang  Institute  of  Geology  and  Mineral  Resouces,  C.A.G.S. 

There  are  five  lamproite  Fields  occurred  in  the  Yangtze  Craton,  where  is  one  of 
the  best  craton  for  exploration  of  the  lamproite  type  diamond  in  three  main  cratons  (Sino- 
Korean,  Talimu  and  Yangtze  Craton,  Fig.)  in  China. 

Four  diamond  placer  mines  had  been  found  by  early  diamond  exploration  in 
Yangtze  Craton  and  five  lamproite  fields  were  discontinuously  discovered  up  to  now'. 

They  are:  1.  Maping  field  consists  of  three  separate  groups  -  Maping,  Majiang  and  Leishan 
lamproite  groups,  and  distributed  between  Proterozoic  and  Paleozoic  fold  belts;  2. 
Dahongshan  lamproite  group  in  the  north  margin  of  the  craton;  3.  Ningxiang  lamproite 
group  occurred  in  south  Proterozoic  fold  zone;  4.  Dayaoyuan  lamproite  group  intruded  in 
south-east  margin  of  the  craton  and  5.  Chuanxi  lamproites  located  in  west  margin  of  the 
craton.  Besides,  there  are  other  K-rich  rock  suites  distributed  around  the  margin  of  the 
Yangtze  Craton. 

The  ages  of  the  lamproites  are  remarkably  diverse,  ranging  from  540-530  Ma  for 
Chuanxi  lamproites  to  166(?)  Ma  for  the  Dayaoyuan  lamproite  group,  but  a  large  number 
of  lamproites  formed  in  Proterozoic  period  (490-328  Ma).  While  most  of  K-rich  rocks 
intruded  at  Mesozoic-Cenozoic  Era.  The  diversity  of  ages  and  structural  setting  might  be 
related  to  the  structural  evolution  of  the  Yangtze  Craton  which  may  be  a  transformed 
process  from  Archon  to  Proton  of  Tecton.  The  distribution  of  lamproite  fields  was 
controlled  by  Proterozoic  subduction  and  associated  with  major  fractures. 

Occurrences  of  lamproite  groups  in  Yangtze  Craton  is  various.  The  Maping 
groups  consist  of  dikes,  diatremes  and  sills,  which  intruded  through  Cambrian  limestones; 
Dahongshan  lamproite  belt  compromises  10  volcanic  groups  formed  by  sea-bottom 
volcanic  eruption  and  40  hypabyssal  intrusives.  The  extrusive  of  intrusive  forms  have  been 
divided  into  volcanoclastic  (including  agglomerate,  breccia,  lappili,  tiff)  and  magma 
massive  rocks  (including  intrusion  of  central  facies,  daces,  sills  and  lava  flow);  Ningxiang 
lamproite  groups  consist  of  7  diatremes  and  17  dikes  intruded  into  Proterozoic  formation; 
Dayaoyuan  lamproite  group  in  recently  discovered,  over  10  dikes  occurred  in  Devonian 
and  Carboniferous  formation  and  association  with  lamprophyres;  Chuanxi  lamproites 
occurred  as  pyroclastic  rock  between  Sinian  silieous  limestone  and  Cambrian 
carbonaceous  shales. 

The  petrogical  types  are  divided  into  01  lamproite  (Ph-Ol  lamproite),  Ol-Di 
lamproite,  Ph-Di-San  lamproite  and  Ph-San-Lc  lamproite  according  to  the  volumetric  of 
the  primary  and  major  minerals  and  their  own  litological  facies  in  rock  body. 

Mineral  component  in  the  various  lamproites  is  overlaped:  olivine  lies  in  the  range 
of  Mg/(Mg+Fe)=0,77  0,93  (phenocryst  Fo=77  88,  phenocryst  Fo=90  93),  phlogopite 
has  two  distinct  groups:  one  is  rich  in  A1 ,  poor  in  Ti  like  in  kimberlite,  another  is  rich  in  Ti 
and  A1  similar  to  lamproites  of  Kapamba,  Mejhgawan  and  Smoke  Buttle.  The  composition 
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Fig  1  The  draft  map  of  the  Yangtze  Craton  showing  the 
locations  of  QMaping,  ©  Dahongshan,©  Ningxiang, 
(4)  Dayaoyuan  and  ©  Ghuanxi  lamproite  groups,  and 
other  K-rich  rock  suites. 

S  Sino-Kctreais  Craton;  T  Talinra  Craton;  Y  Yangtze  Craton 
1.  Palaeozoic  fold  belts;  2.  Proterozoic-Palaeozoic  baaina; 

S.  Proterozoic  fold  belts;  4.  Archaean  basement; 

5.  fold  areas;  8.  faults;  7.  lamproite  groups; 

8.  age(Ma);  9.  E-rich  rocks ; 

10.  diamond  placer;  31.  Emeishan  basalt  area(Permain  period) 


of  diopside  in  many  intrusives  is  of  variation  which  two  trends:  one  is  Ti  increasing  with 
A1  increasing  and  the  other  of  preserving  low  Ti  with  A1  increasing.  K-richterite  is  lower  in 
K,  Mg  and  higher  in  Na  and  A1  than  that  of  the  K-richterite  of  West  Kimberly 
lamproites.  The  heavy  mineral  suite  dominated  by  chrome  spinel,  chrome  diopside, 
pyrope,  ilmenite,  apatite,  provskite,  jeppeite  and  some  melt  facies  volcanic  microsphelures. 
Diamonds  mainly  occur  in  the  01  lamproite  or  Ph-01  lamproite  and  is  rare  or  barron  in 
other  rocks.  Mantle  xenolith  is  very  rare.  Chrome  diopside  xenolith  and  lherzolite  (Sp  or 
Gt)  can  be  found  sometimes. 

Chemical  composition  of  lamproite  in  the  Yangtze  Craton  are:  Si02  ranges  from 
34,5%  to  55%,  MgO  5%~20%,  K20/Na20=2~-5,  K20/A1203«1, 

Mg/(Mg+Fe)=0,74~0,80.  Rare  earth  elements  are  characterixed  by  high  LREE  at  (500- 
~1300)  x  chondriteic  abundance  with  very  low  abundance  of  HREE  («5  xchondritic). 
Compared  with  other  lamproite  suites,  the  Yangtze  lamproites  are  much  richer  in  Ca,  A 1, 
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Na  and  poor  in  K,  Mg.  This  character  might  be  related  to  both  less  stronger  depletion  and 
enrichment  of  Iherzolite  source. 

Table  1  and  Table  2  demonstrate  Sr,  Nd  and  Pb  isotopic  compositions  of  main 
lamproite  groups  in  the  Yangtze  Craton  .  The  data  show  that  Sr  and  Nd  isotopic 
composition  are  in  between  group  I  kimberlite  and  group  II  kimberlite,  and  may  be  appear 
a  tendency  for  two  direction  evolution  towards  Lucite  Hills,  Smoke  Buttle  lamproite  and 
West  Kimberly  lamproite.  Pb  isotope  composition  indicated  that  These  lamproites  had  a 
multistage  history.  The  depletion  of  U,  Th  took  place  at  2, 0-2, 2  Ca  ago  and  enrichment 
event  of  Sr,  Nd,  and  REE  was  later  at  about  1,6-1, 8  Ca  ago.  Since  then,  Sm-Nd  system  in 
the  rocks  perhaps  has  been  reequilibrated. 


Table  1  Sr  and  Nd  isotopic  composition  in  lamproites 


^Sr/^Sr  “Nd/^Nd 

t  Nd 

N 

Dahongshan  lamproites 

0.7063-0.7081  0.51164-0.51195 

Ningxiang  lamproites 

-1.2- -10.7 

8 

0.7062-  0.7067  0.51197-  0.51198 

-8.38- -8.54 

5 

Maping  lamproite 

0.7054  -  0.7080  0.51161-0.51184 

-8.5 — 9.0 

3 

Table  2  Pb  isotopic  composition  in  lamproite 


*°«*Pb/»~Pb  *®7pb/»o*pb 

•oepb/*°*Pb 

N 

Dahongshan  lamproites 

17.34-19.94  15.36-15.74 

37.13-40.95 

8 

Ningxiang  lamproites 

17.88-19.4 8  15.49-15.59 

38.16-39.89 

5 

Maping  lamproite 

17.19-17.71  15.30-15.53 

38.19-  38.88 

3 
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METAMORPHIC  EVOLUTION  OF  DIAMOND-BEARING  ROCKS  AND  ECLOGITE 
FROM  THE  KOKCHETAV  MASSIF,  N.  KAZAKHSTAN 


R.  Y.  Zhangd),  J.  G.  Lioud ),  W.  G.  Ernstd ),  R.  G.  Colemand ), 

N.  V.  Sobolev^ ),  and  V.  S.  Shatsky(2) 

(1)  Dept,  of  Geological  &  Environmental  Sciences,  Stanford  University,  CA  94305-2115) 
(2)  United  Institute  of  Geology  &  Geophysics,  Russian  Academy  ofSci.,  Siberian  Division, 

Novosibirsk  630090,  Russia 


Introduction:  Diamond  of  metamorphic  origin  in  supracrustal  rocks  was  first  discovered 
from  the  Kokchetav  Massif  in  the  Caledonides  of  northern  Kazakhstan.  Microdiamond-bearing 
rocks  include  biotite  gneiss,  garnet  mica  schist,  pyroxene  marble,  and  garnet  pyroxenite;  no 
diamond  has  been  reported  in  the  associated  metabasaltic  eclogitic  rocks  (e.g.,  Sobolev  &  Shatsky, 
1990).  We  have  selected  3  eclogites,  5  garnet-bearing  gneisses  and  2  pyroxene  marbles  collected 
from  Kumdikol  of  the  northern  Kokchetav  Massif  during  the  1994  field  season  for  detailed  study 
for  two  purposes:  (1)  to  determine  whether  or  not  the  microdiamonds  were  formed  within  the 
diamond  stability  field;  and  (2)  to  delineate  the  retrogressive  P-T  path. 

Mineral  Parageneses:  Eclogites  consist  of  the  assemblage  garnet  +  omphacite  (or  sodic 
augite)  +  rutile  +  coesite/quartz  ±  kyanite  ±  zoisite  (Shatsky  et  al.,  1995;  Dobrzhinetskaya  et  al., 
1994,  and  our  observations);  garnet  contains  inclusions  of  zircon,  rutile,  mica,  and  feldspar. 
Omphacite  is  replaced  by  symplectitic  intergrowths  of  hornblende  and  plagioclase,  and  rutile  by 
ilmenite  and  titanite.  Diamond-bearing  dolomitic  marble  consists  of  dolomite  (>70  vol.%),  garnet, 
diopside,  but  lacks  quartz;  garnet  has  inclusions  of  diamond  and  dolomite  (the  latter  contains 
graphitized  diamond  inclusions  and  is  rimmed  by  calcite).  Garnet  is  overprinted  by  phlogopite. 
Dolomite  has  exsolved  calcite  lamellae  and  diopside  encloses  minute  garnet  granules.  Diamond¬ 
bearing  gneiss  and  schist  contain  variable  amounts  of  minerals  including  coesite/quartz, 
plagioclase,  K-feldspar,  garnet,  biotite,  zoisite/clinozoisite,  chlorite,  tourmaline,  calcite  and  minor 
apatite,  rutile  and  zircon.  Abundant  inclusions  of  diamond,  graphite  +  chlorite  (or  calcite), 
muscovite,  clinopyroxene,  feldspar,  phlogopite/biotite,  rutile,  titanite,  calcite,  and  zircon  occur  in 
garnet.  Inclusions  of  quartz  pseudomorphs  after  coesite  with  radial  fractures  were  identified  in 
garnet  of  both  eclogites  and  diamondiferous  gneisses.  Consistent  occurrences  of  coesite 
pseudomorphs  and  microdiamond  inclusions  in  single  sample  of  these  rocks  and  reported  findings 
of  coesite  and  microdiamond  as  inclusions  in  zircons  (Sobolev  &  Shatsky,  1990)  suggested  that 
the  microdiamonds  crystallized  within  the  diamond  stability  field. 

On  the  basis  of  textural  relations  and  mineral  stabilities,  we  have  established  three  distinct  stages  of 
metamorphic  recrystallization  of  diamondferous  genisses,  dolomitic  marble  and  associated 
eclogites;  these  mineral  paragneses  are  shown  in  Fig.  1.  The  peak  UHP  metamorphic  stage  I 
assemblage  is  characterized  by  diamond  +  coesite  together  with  garnet  +  clinopyroxene  ±  K- 
feldspar  ±  phlogopite  in  gneissic  rocks,  and  diamond  +  diopside  +  dolomite  +  garnet  ±  magnesite 
in  dolomitic  marbles.  Stage  I  eclogites  are  devoid  of  elemental  carbon,  hence  do  not  carry 
diamond.  Stage  Ila  decompression  is  represented  by  the  replacement  of  diamond  by  graphite  and 
coesite  by  quartz.  Further  pressure-drop,  stage  lib  is  reflected  by  amphibolite  facies  conditions 
with  the  paragenesis  amphibole  +  plagioclase  +  biotite  +  titanite.  Final  reequilibration,  stage  III, 
under  greenschist  facies  conditions  resulted  in  formation  of  minor  chlorite  ±  actinolite. 

Mineral  Compositions:  New  microprobe  analyses  indicate  that  garnets  in  metabasaltic 
eclogites  and  diamond-bearing  gneisses  and  dolomitic  marble  contain  0.02-0.14  wt.%  Na20;  most 
show  retrograde  zoning  with  pyrope  decreasing  and  spessartine  increasing  from  core  to  rim. 
Garnet  in  dolomite  is  characterized  by  high  grossular  (~46  mol%)  and  pyrope  (~40  mol%) 
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components;  garnets  from  other  rocks  are  rich  in  almandine.  Eclogitic  clinopyroxenes  contain  only 
2.5  -  3  wt.  %  Na20,  fall  in  the  field  between  sodic  augite  and  omphacite,  and  have  negligible  K2O. 
Diopside  in  studied  marble  has  0.08-0.59  wt.%  K2O,  and  contains  less  Fe  than  salitic 
clinopyroxene  in  gneissic  rocks.  Phlogopite-biotite  micas  of  the  diamond-bearing  rocks  are 
distinctly  different  in  composition;  those  inclusions  within  garnet  are  phlogopite  [100Mg/(Fe  +  Mn 
-1-  A1VI+  Ti  +  Fe3+)  >  70]  or  between  phlogopite  and  Mg-biotite  [100Mg/(Fe  +  Mn  +  A1VI+  Ti  + 
Fe3+)  =  ~  65],  whereas  matrix  micas  are  Mg-biotite. 


Stage 

1 

11a  lib 

Ill 

Eclogite 

coesite 

quartz 

garnet 

clinopyroxene 

amphibole 

plagiociase 

rutile 

ilmenite 

titanite 

kyanite 

zoisite 

.. 

— 

Gneiss  and  schist 

diamond 

graphite 

coesite 

quartz 

garnet 

clinopyroxene 

clinozoisite/zoisite 

K-feldspar 

plagiociase 

calcite 

chlorite 

phlogopite 

biotite 

tourmaline 

? 

? 

dolomitic  marble 

diamond 

graphite 
dolomite(±  Mgs) 

calcite 

garnet 

diopside 

phlogopite 

amphibole 

Act 

Fig.  1  Parageneses  of  minerals  from  diamond-bearing  rocks  and  eclogite 
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P-T  Evaluations:  These  UHP  rocks  exhibit  at  least  2-3  stages  of  metamorphic 
recrystallization;  the  estimated  P-T  conditions  are  shown  in  Fig.  2.  The  Fe-Mg  partitioning 
between  coexisting  clinopyroxene  and  garnet  yields  a  peak  T  of  ~780°C  at  P  >  28  kbar  for 
eclogite,  and  900-1000°C  at  P  >  40  kbar  for  diamond-bearing  dolomitic  marble  and  gneiss;  these 
P-T  estimates  are  consistent  with  those  by  Sobolev  &  Shatsky  (1990)  and  Shatsky  et  al  (1995). 
The  formation  of  symplectitic  plagioclase  and  amphibole  after  pyroxene,  replacement  of  garnet  by 
biotite,  amphibole,  or  plagioclase  marks  retrograded  amphibolite-facies  recrystallization  at  650-680 
°C.  The  exsolution  of  alkali  feldspar  to  Kfs  +  Ab  and  of  dolomite  to  Cal  +  Dol,  and  development 
of  matrix  chlorite  and  replacement  of  amphibole  by  chlorite  imply  greenschist  facies  overprint  at 
~350-420°C.  A  clockwise  P-T  path  related  to  deep  subduction  of  continental  crust  was 
constructed  based  on  these  P-T  estimates  (Fig.  2).  Apparently,  supracrustal  sediments  together 
with  basaltic  lenses  were  subjected  to  UHP  metamorphism  within  the  diamond  stability  field,  and 
were  subsequently  retrograded  through  amphibolite  to  greenschist  facies  during  exhumation. 
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Fig.  2  P-T  path  of  diamond-bearing  rocks  and  eclogite 
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RARE  OXYGEN-FREE  INCLUSIONS  IN  KIMBERLITE-BORNE  DIAMONDS 
FROM  EASTERN  CHINA. 


Lei  Zhao1  ,Fengxiang  Lu2 ,  M.  A.  Menzies3  ,Hongfu  Zhang3  ,Yigang  Xu3,jianpin  Zheng2, 
Qingzhu  Meng1 

1.  China  University  of  Geosciences  (Beijing) ,  29  Xueyuan  Road,  100083,  Beijing,  P.  R. 
Chian 

2.  China  University  of  Geosciences  (Wuhan)  ,Yujiashan, 430074, Wuhan, P.  R.  Chian 

3.  Department  of  Geology , Royal  Holloway , University  of  London, Egham, Surry  ,TW20 
OEX,U.  K. 


Native  Silver  and  Ag  —  bearing  Fe  —  Au  alloy  (Table  —  1)  in  natural  diamonds  are  found 
fromthe  pipe  50, and  pipe  Shengli  #  1  of  Ordovician  Kimberlite  in  Fuxian,liaoning  Province- 
and  in  Mengyin  , Shandong  Province  respectively.  Among  hundreds  of  inclusion  — bearingdia- 
monds, three  diamonds  contain  native  Silver  or  Silver  bearing  Fe  — Au  alloy  microinclusions : 

In  Sample  Zf  —  1  and  ZS  —  2  native  silver  intergrows  or  are  enclosed  in  diamonds,  Ag 
bearing  Fe  — Au  inclusion  is  found  in  ZS— 3.  Infrared  analysis  show  Zf— 1  and  ZS— 2  are  type 
la  and  ZS  — 3  is  a  intermedium  between  type  Iaand  type  lb.  Both  ZS  — 2  and  ZS— 3contain 
CH4.  In  diamonds  of  the  two  pipes  some  relatively  rare  inclusions  havebeen  reported ,  such  as 
moissanite (SiC)  ,high  —  K  and  high  — Cl  inclusion, high  — Na  and  high  — Cl  inclusion,  high  — 
Cu  and  high — Cl  inclusion  and  fluid  inclusions  containing  H20  ,CH4  ,C02  ,CO  etc. 


In  diamondiferous  heavy  mineral  concentrate ,  there  exist  moissanite ,  native  Fe,  native 
Cu, native  Ag, native  Sn,fersilicite,ferdisilicite, unnamed  oxygen  —  free  mineral  consisting  of 
Si,Fe,Ti(the  last  two  minerals  also  have  been  found  in  thin  section  and  in  polished  section) , 
Chromian  kennedyite  and  tungsten  carbide  (WC). 

Table  1,EPMA  Composition  of  native  silver  and  Ag— bearing  Fe  — Au  alloy 


Sample 

Type 

Number 

Ag 

Cu 

Fe 

Au 

Zn 

1 

98.  58 

1. 17 

0.  26 

0.  00 

n.  d 

2 

99.49 

0.  24 

0. 19 

0.  09 

n.  d 

Zf-1 

la 

3 

99.81 

0.  00 

0.  00 

0.  19 

n.  d 

4 

100.  00 

0.  00 

0.  00 

0.  00 

n.  d 

5 

98.37 

0.  50 

0.  41 

0.  73 

n.  d 

ZS— 2 

la 

6 

96.51 

2.  53 

0.  20 

0.77 

0.  00 

ZS— 3 

la  — lb 

7 

5.  30 

0.71 

46.  11 

43.  13 

4.  75 

8 

2.  64 

0.  34 

46.26 

50.76 

0.  00 
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The  discovery  of  native  silver  and  silver  —  bearing  Fe  —  Au  alloy  in  diamonds  presentsa  ir¬ 
refutable  evidence  for  a  primary  origin.  Shandong  and  Liaoning  Ordovician  diamondifer- 
ousKimberlites  come  from  about  220  Km  (Zhao, 1988)  and  200  Km(Lu  et.  al ,  1 99 1 )  respec¬ 
tively.  Native  Ag,Fe  — Au  alloy ,moissanite  and  native  Fe  in  diamonds  have  profound  implica- 
tionsfor  the  redox  state  of  their  source  origin. 

The  lithospheric  mantle  at  FMQ  (Haggerty ,  1994)  is  far  too  oxidized  for  the  stabilityof 
these  minerals,  the  redox  environment  of  the  transition  zone  and  the  lower  mantle  areun- 
know,but  a  possibly  conductive  region  (intensely  reduced)  is  the  "D"  layer  at  the  core  — 
mantleboundary  (Haggerty).  Tungsten  carbide  (WC)  has  been  recognized  from  heavy  con- 
centrateof  pipe  shengli#l  kimberlite,  Shandong  province, take  this  mineral  into  account,  it 
can  bepresumed  that  there  are  some  minerals  originated  from  extra  reduced  high  T  — P  envi¬ 
ronment  ,becauseWC  crystalizes  at  2765°C  according  to  C  — W  binary  phases  diagram. 

Native  silver  and  silver  — bearing  Fe  — Au  alloy  inclusions  suggest  an  extra  reduced  fluid 
—rich  environment. 

Main  Refference 

Haggerty  ,S.  E.  1994,  Superkimberlites  s 

A  geodynamic  window  to  the  Earth’s  core, Earth  and  Planetary  Science  Letter,  122: 57  — 
96Lu,F.  Han, Z, Zheng, J.  and  Ren,Y.  1991 , Characteristics  of  paleozoic  lithospheric  mantle 
inFuxian,  Liaoning  Province ,  Geological  and  Technology  Information,  N.  10,  P.  2  —  20  in 
(Chincese)Zhao ,L.  1988, A  preliminary  study  on  the  phlogopites  in  Kimberlite  of  Shandong 
Province ,  Collectionof  mineralogy  and  petrology,  N.  4,P.  120  —  129 ,  Geological  Publishing 
House , Beijing, China  (in  Chinese). 
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PALEOKINEMATICS  AND  PATTERN  OF  KIMBERLITE  FIELDS  LOCATION  ON 
THE  SIBERIAN  PLATFORM  BASED  ON  THE  HYPOTHESIS  OF  HOT  SPOTS 


Zhitkov  A.N. 

VostSibNIIGGiMS,  Irkutsk,  Russia 


The  geodynamic  model  (see  Figure)  was  obtained  by  the  joint 
analysis  of  data  on  the  spatial  position  and  age  of  magmatites  of 
25  kimberlite  and  carbonate  fields  of  the  Siberian  platform  and 
its  paleokinematics  reconstructed  from  paleomagnetic  data.  The 
technique  of  such  constructions  is  based  on  real  precision  of 
available  dates  (up  to  ±10  Ma)  described  by  Zhitkov  A.N.  (1992). 
Similar  methodical  approach  applied  to  other  problems  is  regarded 
in  the  article  by  Gordon  R.J.,  Cox  A.,  O’Hare  S.  (1984).  The 
calculations  of  kinematic  parameters  of  Phanerozoic  drift  are 
made  on  the  trajectory  of  apparent  polar  wonder  path  (APWP)  of 
the  East-Siberian  paleoplate  made  up  on  the  basis  of  summation  of 
paleomagnetic  data.  The  average  coordinates  of  paleomagnetic 
poles  obtained  from  dated  geological  objects  correspond  to  the 
points  on  the  trajectory.  In  constructing  the  trajectory  all 
paleomagnetic  determinations  were  given  "ascribed"  estimates  of 
ages  (terminology  from  E. Irving,  1984),  they  were  ordered  in  the 
time  series  and  averaged  by  window  of  30  mln.yrs.  wide  with  a 
step  of  10  mln.yrs.  All  published  .data  were  taken  into  account: 
A.N. Khramov  (1974,  1982,  1990),  A. Ya. Kravchinsky  (1981),  E. Irving 
(1984)  and  new  determinations  obtained  by  the  Irkutsk  laboratory. 
The  age  referencing  was  performed  by. the  international  scale  of 
Harland  W. B. ,  Arvstrong  R. L. ,  CoxA.V.,  et  al.  (1984). 

It  was  found  that  the  same  age  paleomagnetic  poles  and  local 
fields  of  the  deep-seated  intraplate  magmatism  tend  to  locate 
along  minor  circles  outlined  around  the  common  Euler  pole  in 
accordance  with  the  hot  spot  hypothesis.  The  introduction  of  the 
Middle  Paleozoic  (355-340  Ma),  Early  Mesozoic  (225-210  Ma)  and 
Middle  Mesozoic  magmatites  occurred  in  time  of  accelerated 
directed  drift  (mobile  paleokinematic  regime).  Every  epoch  of 
kimberlite  formation  has  individual  kinematic  parameters  (angular 
and  linear  velocities,  coordinates  of  the  rotation  pole)  as  well 
as  appropriate  spatial  position  of  deep  mantle  plumes.  The 
efforts  to  relate  all  kimberlite  occurrences  to  the  passing  of 
the  plate  over  the  same  plume  causes  controversies.  Coordination 
of  independent  geological  and  paleomagnetic  data  for  different 
epoches  of  magmatic  activity  are  considered  as  a  strong  argument 
in  favor  of  the  model  under  discussion.  The  available  fields  of 
development  of  the  Phanerozoic  deep-seated  magmatism  are 
approximated  by  hot  spots,  i.e.  the  traces  left  on  the  moving 
plate  by  the  mantle  plumes.  The  model  contains  the  calculated 
temporal  tracers  (tracks)  of  seven  plumes:  three  Middle 
Paleozoic,  three  Early  Mesozoic  and  one  Middle  Mesozoic.  The 
estimates  of  paleokinematic  parameters  were  obtained  for  each  of 
them,  except  for  the  track  of  the  probable  position  of  kimberlite 
fields,  and  the  predicted  order  of  the  value  of  the  directed  age 
change  was  indicated.  In  particular  it  was  shown  that  these 
estimates  lie  beyond  the  limits  of  precision  of  available  dates, 
but  can  be  reached  in  carrying  out  the  modern  investigations. 

The  Middle  Paleozoic  tracks  are  described  by  the  plate 
rotation  around  Euler-  pole  with  coordinates  73°  N,  35b  E  in  SW 
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Figure.  Geodynamic  model  of  formation  of  Siberian  'platform 
kimberlite  fields. 

Dark  figures  denote  kimberlite  fields .  The  age  of  magmatites 
(from  F.F.Brahfogel ,  1984  with  additions) :  circles  -  Middle 
Paleozoic t  triangles  -  Early  Mesozoic ,  squares  -  Middle  Mesozoic. 
The  only  value  is  given  for  the  fields  with  polychronous 
magmatism .  The  calculated  routes  of  hot  spot  tracks :  I  - 
Mirninsky ,  II  -  Alakit-Kyioksky ,  II  -  Okinsky,  IV  -  East  Anabar, 

V  -  West  Anabar ,  VI  -  Chadobetsky ,  VII  -  Molodinsky.  Age:  (I-III) 

-  Middle  Paleozoic  (Ds-C±);  (IV-VI)  -  Early  Mesozoic  (T^-Tv);  VII 

-  Middle  Mesozoic  (J±).  Arrows  designate  the  direction  of  the 
drift  and  predicted  ageing  of  kimberlites  along  the  tracks. 

direction  with  the  average  angular  velocity  about  1  degrees 
/ml.yrs.  Ageing  of  kimberlites  is  predicted  in  the  same 
direction.  The  Alakit-Kuoisky  track  uniting  10  available  fields, 
is  characterized  by  an  average  linear  velocity  about  50 
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km/mln. yrs.  The  perspectives  of  related  new  kimberlite  fields  may 
be  associated  with  its  northeastern  and  southwestern 
continuation.  The  indigenous  sources  of  kimberlites  in  the 
Velma-Tychan  interfluve  of  Krasnoyarsk  Kray  are  confined  to  this 
track.  The  order  of  the  predicted  increase  of  the  kimberlite  age 
from  Kuoyka  to  Alakit  fields  is  estimated  to  be  10-15  min. yrs. 

The  Mirny  track  is  calculated  from  the  same  paleokinematic 
parameters  of  the  plate  and  coordinates  of  the  center  of  Mirny 
field.  The  linear  velocity  along  this  track  is  somewhat  higher 
(56  km/mln. yrs).  Available  diamond  placers  of  the  Irkutsk 
amphitheater  are  traced  along  them  (from  Tumanshet  in  Sayan  Mts 
to  Chona-Tungusska  interfluve  in  the  Katanga  region).  With  this 
in  mind  the  perspectives  of  discovery  of  kimberlite  fields  along 
this  track  are  not  disclosed  entirely. 

The  distribution  pattern  of  the  Early  Mesozoic  kimberlites 
location  is  defined  by  the  plate  rotation  around  the  Euler  pole 
with  coordinates  72°N,  126°E  in  SE  direction  with  the  average 
angular  velocity  about  2  degrees/mln. yrs.  The  East-Anabar  (6 
kimberlite  fields),  West-Anabar  (2  fields)  and  Chadobetsky  (1 
field)  tracks  are  characterized  by  a  significant  difference  of 
linear  velocities:  25,  44,  83  km/mln. yrs,  accordingly.  This 
feature  explains  unique  location  of  kimberlite  fields  along  the 
East-Anabar  track  and  to  predict  their  large  scatter  for  two 
other.  The  tracks  of  the  Middle  Paleozoic  and  Early  Mesozoic 
kimberlites  differ  markedly  in  orientation  and  agree  with 
appropriate  tracks  of  paleomagnetic  poles  which  is  considered  as 
a  strong  argument  in  favor  of  the  hypothesis  discussed. 

The  Middle  Mesozoic  track  of  kimberlite  fields  is  drawn 
through  the  middle  position  of  the  Molodinsky  and  Kuoysky  fields 
and  Euler  pole  calculated  from  paleomagnetic  data  (78°  N,  97°E, 
angular  velocity  2.8  degrees/mln. yrs) .  The  ageing  of  magmatites  is 
predicted  in  the  western  direction.  The  available  and  predicted 
occurrences  of  polychronous  magmatism  are  confined  to  the 
intersections  of  different  age  tracks  of  kimberlite  fields. 

The  adequate  interpretation  can  be  made  for  the  facts  which 
cannot  be  explained  in  terms  of  other  hypotheses,  e.g.  exotic 
composition  and  restricted  amount  of  kimberlite  magmas,  diversity 
of  tectonic  situations  of  kimberlite  occurrence,  failure  to 
discover  deep  faults  controlling  position  of  kimberlite  fields, 
polychronous  development.  Altogether,  there  are  counter  arguments 
of  the  hot  spot  hypothesis  in  general  and  its  applications  to  the. 
problem  considered  in  particular.  Without  discussing  this,  we 
note  that  two  kimberlite  fields  discovered  for  six  years,  which 
passed  after  the  first  data  on  the  model  were  published,  are 
located  along  the  Chadobetsky  route  and  in  the  node  of  juncture 
of  the  Mirninsky  and  Western-Anabar  tracks.  The  accidental  nature 
of  such  a  coincidence  is  hardly  probable. 

Zhitkov  A.N.  The  analysis  of  tracks  of  hot  spots  and 

paleomagnetic  poles.  Geophysical  investigations  of  Eastern 
Siberia  at  the  present  stage.  VSNIIGGiMS,  1990,  p.  90-102. 
Gordon  R.J.,  Cox  A.,  O'Hare  S.  Paleomagnetic  Euler  poles  and  the 
apparent  polar  wander  and  absolute  motion  of  North  America 
since  the  carboniferous.  Tectonics.  1984,  vol.  3,  p.  499-537 
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PALEOMAGNETISM  AND  THE  AGES  OF  KIMBERLITES  EXEMPLIFIED  BY  THE 
FOUR  PIPES  OF  YAKUTIA 

Zhitkov(1)  A.N. ,  Savrasov(2)  D.  I. 

(1)  VostSibNIIGG.iMS,  Geological  Committee  of  Russia ,  Irkutsk, 
Russia ;  (2)  Botuobinsky  expedition,  Mirny  city,  Russia 

The  oriented  samples  were  collected  in  four  Middle  Paleozoic 
economic  diamond-bearing  bodies  of  Malya  Botuoba  (Sputnik,  named 
after  23rd  Congress)  and  Alakit-Markhinsky  (Sytykanovsky, 
Yubileiny)  regions.  The  collections  represent  all  main  varieties 
of  kimberlites  of  every  pipe  (661  samples).  The  magnetometric 
measurements  were  made  by  nighprecision  spin-magnetometer  JR-4 
and  kappabridge  KLY-2.  Experiments  on  thermal  demagnetization  and 
demagnetization  by  alternating  magnetic  field  were  conducted  in 
the  facility  of  magnetic  vacuum  with  a  precision  of  the  field 
compensation  +  10  nT.  A  step  of  scalariform  demagnetization  was 
25-50o  C  and  20-40  kA/m,  accordingly.  The  diagnostics  of  the 
magnetism  bearers  was  carried  out  on  the  curves  of  normal 
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Magnetic  properties  of  kimberlites  in  natural  occurrence 
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I  -  urrnary  magnetization.  In  -  natural  residual  magnetization, 
ae  -  magnetic  susceptibility,  d  -  Kenigsberger  coefficient, 

M  -  average  arithmetic,  Ml  -  average  geometric,  6  -  standard 
deviation,  z  -  standard  multiplier  of  lognormal  distribution, 

J(D)  -  inclination  (declination)  of  the  single  vector  resultant, 

K  -  clustering,  A95  -  radius  of  confidence  circle  for  95% 
probability  (after  R.  Fischer,  1957),  p39  -  radius  of  a  single 
circle  of  dispersion  (spherical  standard) .  Values  I,  In  are  given 
in  mA/m>  ae  -  in  10'5  Cl  units ;  J,  D,  A95,  p39  -  degrees;  0,  z,  K 
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magnetisation  in  the  fields  up  to  600  kA/m.  Quantitative 
paleomagnetic  dating  was  preformed  via 'comparison  with  the 
trajectory'  of  apparent  migration  of  the  Siberian  platform. 

A  complete  spectrum  of  magnetic  parameters  was  obtained  and 
statistically  processed.  The  values  and  dispersion  of  magnetic 
properties  of  kimberlite  in  the  natural  occurrence  are  provided 
in  Table  1.  All  studied  bodies  were  found  to  contain  the  rock 
varieties  retaining  primary  natural  residual  magnetisation  which 
can  be  easily  interpreted.  An  instance  of  thermal  demagnetisation 
of  kimberlite  with  a  dominant  primary  component  of  natural 
remanent  magnetization  is  given  in  the  Figure. 


Figure.  Results  of  thermal  demagnetization.  The  porphyry 
kimberlite  of  endocontact  zone  of  " Sytykan "  pipe. 

A  particular  feature  of  the  kimberlites  studied  is  a  wide 
spectrum  of  limiting  temperatures  and  Curie  points  bearing 
natural  remanent  magnetization  (from  250  to  650o  C).  This 
indicates  presence  in  source  rocks  of  hypogenous  magnetic 
minerals  of  different  age  (magnetite,  hemoilmenites  with 
different  ratios  of  Fe-Ti  components). 

The  results  of  paleomagnetic  studies  and  quantitative  polar 
paleomagnetic  dates  are  listed  in  Table  2.  The  conditional 
paleomagnetic  directions  and  poles  were  obtained  for  four  pipes. 
The  primary  origin  of  natural  residual  magnetization  is 
substantiated  by  a  set  of  criteria  including  the  most  reliable 
method  of  comparison  of  paleomagnetic  directions  obtained  for 
kimberlites  and  host  sedimentary  rocks  in  the  contact  zone  (test 
of  burning).  It  was  revealed  that  remagnetization  of  hosting 
rocks  by  Kimberlite  occurs  only  in  the  vicinity  from  the  contact 
(the  first  centimeters).  A  significant  and  unexpected  result  was 
inverse  polarity  and  the  primary  natural  residual  magnetization 
of  all  studied  varieties  of  the  Middle  Paleozoic  kimberlites  of 
the  two  separated  kimberlite  fields.  There  is  every  ground  to 
believe  that  this  feature  can  be  bound  or  dominant  in  other 
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bodies  of  the  same  or  close  age.  A  stable  inverse  polarity  of 
geomagnetic  field  contributes  to  origination  of  the  Middle 
Paleozoic  kimberlites. 


Table  2 

Paleomagnetic  directions,  poles  and  dates  of  Yakutian  kimberlites 
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1  -  " Named  after  23rd  Congress ",  2  -  "Sputnik",  3  -  "Sytvkan", 

4  -  "Yubileiny" ,  5  -  summary  determination  for  4  pipes .  Number  of 
vectors  involved  in  statistics :  N  -  lumps  of  ore,  n  -  samples.  J, 
D  -  inclination  and  declination  of  the  average  direction  of 
primary  magnetization;  k  -  clustering  ;  <*95  -  radius  of 
confidence  circle  for  95%  probability;  cp,A  -  coordinates  of 
sampling  site;  <J>,A  -  geographic  latitude  and  longitude  of  the 
average  paleomagnetic  pole;  A±,  Ag  -  semiaxes  of  ellipses  of 
confidence  for  Q5Z  probability,  T.  -  paleomagnetic  date. 

The  data  were  obtained  on  paleomagnetic  poles  of  every  pipe 
and  general  determination.  According  to  paleomagnetic  data  the 
age  of  kimberlites  is  estimated  as  the  Upper  Devonian-Early 
Carboniferous,  most  probably  Early  Turnean  (347+8  Ma) ,  which 
agrees  well  with  determinations  by  F.F.Brachfogel  (1984,  1992) 
from  a  complex  of  radiological  and  other  kimberlite  dating 
evidence  and  is  their  independent  confirmation  and  specification. 
Regarding  the  Khramov's  magnetostratigraphic  scale  (1982),  the 
dates  obtained  correspond  to  the  middle  part  of  the  Tikhvinsk 
superzone  of  the  Donetsk  hyperzone  characterized  by  a  steble 
inverse  polarity  of  geomagnetic  field.  The  scatter  of  estimates 
for  every  pipe  and  the  summary  pole  fall  in  a  very  narrow  time 
span  (3  Ma) . 

Zhitkov  A.N.  Report  on  topic  142391397  "Palebmagnetic 

determinations  of  age  of  Daldyn-Alakit  kimberlites. 
VOSTSIBNIGGIMS,  Irkutsk,  1994,  94  p. 

Zhitkov  A.N.  Study  of  paleomagnetism  of  .kimberlite  fields  and 
hosting  rocks  of  the  Malo-Botuoba  diamond-bearing  region 
aimed  at  specifying  the  kimberlite  pipe  model.  (Report, 
topic  407  for  1991-1992).  VOSTSIBNI IGGIMS,  Irkutsk,  1993, 
77  p. 

Savrasov  D.I.  Magnetism  of  Yakutian  kimberlites.  Thesis.  Irkutsk, 
Earth's  crust  Inst.,  Irkutsk,  1978,  300  p. 
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THE  EXPERIENCE  OF  MINERAL OGIC-PETRO GRAPHIC  MAPPING  OF  KIMBERLITE  PIPES 


N.N.  Zinchuk,  Z.V.  Specyus,  V.M.  Zuev,  N.N.  Romanov 
“Almazy  Rossii-Sakha”  Co.  Ltd. 

In  spite  of  our  detailed  knowledge  of  kimberlite  rocks  from  many  regions,  the  variations  of  the 
concentration  of  minerals  and  major  elements  and  the  horizontal  and  vertical  patterns  for  the  diamond 
content  distribution  in  kimberlite  pipes  were  studied  insufficiently. 

At  the  example  of  mined  diamond  deposits  we  compared  the  composition  and  petrographic- 
mineralogic  features  of  kimberlites,  including  the  distribution  of  relict  and  new-formed  minerals,  major 
petrogenic  oxides,  and  diamond  morphological  groups  within  the  individual  marking  horizons  and  on  the 
explored  depth.  Most  complete  evidence  on  these  questions  was  obtained  for  the  Udachnaya  kimberlite 
pipe  that  is  known  to  be  characterized  by  a  complex  geological  structure.  The  features  of  physical- 
mechanical  kimberlite  properties  influence  on  technological  processes.  The  distribution  of  xenoliths  and 
major  oxides  are  responsible  for  the  properties  of  minerals.  That  is  why  the  change  of  such  features  and 
distributions  is  studied  basing  on  the  mineralogic-petrographic  mapping  of  marking  horizons  on  the 
exploration  grid  40x40  m,  sampling  and  detailed  study  of  kimberlite  matter  from  drilling  cores.  Also, 
there  is  carried  out  the  study  of  mineralogy  and  some  physical  properties  of  diamonds  that  were  taken 
from  exploration  samples  of  the  same  drills  using  the  chemical  decomposition  method. 

The  vertical  and  horizontal  change  of  kimberlite  compositional  features  and  physical-chemical 
parameters  was  recorded  due  to  the  performed  investigations.  Thus,  kimberlite  rocks  from  the  upper 
horizons  of  almost  all  the  studied  kimberlite  pipes  and  especially  those  covered  by  weathering  crusts  or 
vent  facies  rock  relics  are  characterized  by  lower  density.  With  depth,  rock  density  increases  from  2.10- 
2.15  to  2.50-2.70  g/cm3.  The  coefficient  of  kimberlite  hardness  was  established  to  vary  from  2.10  to  6.30 
with  depth  and  laterally.  The  coefficient  of  kimberlite  breakage  for  the  Udachnaya  pipe  ranges  from  0.7 
to  2.75  and  rather  depends  on  kimberlite  hardness.  Distribution  trends  for  hardness  and  breakage 
coefficient  in  both  pipe's  bodies  correlate. 

The  behaviour  of  major  paragenetic  indicator  minerals  (pyrope,  picroilmenite,  Cr- spinel,  etc.) 
was  reported  in  many  papers.  We  obtained  new  data  on  the  peculiarities  of  areal  distribution  of  heavy 
minerals,  such  as  magnetite,  ilmenite,  pyrope,  Cr-diopside,  Cr-spinel,  olivine,  pyroxene,  iron  hydroxides, 
and  pyrite  within  individual  horizons  of  the  Udachnaya  pipe.  Comparison  of  the  content  of  minerals  in 
different  bodies  and  horizons  of  the  Udachnaya  pipe  showed  their  uneven  distribution. 

For  the  first  time,  we  studied  the  features  of  composition  and  distribution  of  major  kimberlite 
secondary  minerals  in  several  Yakutian  kimberlite  pipes.  In  individual  cases  secondary  minerals  compose 
up  to  90-95  %  of  the  whole  rock  that  is  therefore  considered  as  aporock.  Our  investigations  recorded  wide 
content  variations  and  uneven  distribution  of  new-formed  minerals,  such  as  serpentine,  chlorite,  calcite, 
dolomite,  brusite,  gypsum,  etc.  Most  significant  change  in  the  ratio  of  secondary  minerals  is  found  in  the 
lower  part  of  pipes  (below  400  m  from  the  surface). 

The  petrographic  mapping  of  the  main  marking  horizons  of  the  Udachnaya  and  Mir  pipes 
suggests  that  compositional  and  structural  features  of  pipes  are  illustrated  by  the  petrochemical  features 
of  recognized  kimberlite  varieties. 
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Horizon-by-horizon  study  of  diamond  mineralogy  in  the  Udachnaya  pipe  showed  the  similarity 
of  diamond  assemblages  from  separate  horizons  according  to  the  ratio  of  crystals  of  different  morphology 
(except  for  insignificant  decrease  of  the  portion  of  cubes,  aggregates,  and  intergrowths  with  depth), 
amount  of  inclusion,  surface  sculptures,  and  crystal  intactness.  Those  feature  are  close  for  diamond 
assemblages  from  the  eastern  and  western  bodies  of  the  Udachnaya  pipe.  These  results  plus  stable  photo- 
and  X-ray  luminescence  and  persistent  content  of  diamonds  in  different  horizons  prove  the  stable 
diamond  content  in  the  pipe  rocks  to  the  depth  and  support  the  mantle  genesis  of  diamonds. 

Thus,  the  mineralogic-petrographic  mapping  method  that  was  developed  in  the  "Almazy  Rossii- 
Sakha"  Company  and  applied  to  kimberlite  rocks  from  the  mined  Yakutian  kimberlite  pipes  allows  to 
define  the  regular  change  of  geology-technological  characteristics  of  rocks,  to  predict  their  dressing  to  the 
depth,  and  to  outline  the  features  of  their  structure  and  evolution. 
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METASOMATISM  OF  PERIDOTITE  BY  ALKALINE  MELT  AND  COGNATE  FLUID: 
MICROCHEMICAL  AND  ION  PROBE  EVIDENCE  FROM  THE  LOW-P  INAGLI 
DUNITE 


Zinngrebe1+2,  E.,  Foley2,  S.  F.,  Vannucci3,  R.,  Bottazzi3,  P.,  &  Mattey4,  D.  P 

1.  FG  Petrologie,  EB310,  Technische  Universitat  Berlin,  Str.  d.  17.  Juni  153,  10711  Berlin,  Germany 

2.  Mineralogisch-Petrologisches  Institut,  Univ.  Gottingen,  Goldschmidtstr.  1,  37077  Gottingen,  Germany 

3.  CNR--Centro  di  Studio  per  la  Cristallochimica  e  la  Cristallografia,  via  Abbiategrasso  209,  27100 

Pavia,  Italy 

4.  Royal  Holloway  &  Bedford  New  College,  University  of  London,  Egham  TW  20  0EX,  Great  Britain 

Introduction  and  Geology 

Modal  and  chemical  metasomatism  of  mantle  peridotite  has  been  demonstrated  in  a  large  number  of 
xenolith  studies.  However,  the  nature  of  metasomatizing  agents  has  been  a  matter  of  considerable  debate: 
hydrous  fluids,  silicate  melts  and  carbonatite  melts  have  been  proposed  as  agents  in  different 
metasomatized  suites.  However,  as  metasomatic  agents  are  normally  not  preserved  in  mantle  xenoliths, 
little  is  known  about  characteristic  features  suitable  do  distinguish  between  them.  Especially  the  effects  of 
metasomatism  by  highly  alkaline  silicate  melts  (e.  g.  lamproites)  are  not  known  in  detail.  Thus  we 
investigated  melt  infiltration  metasomatism  in  a  crustal  magma  chamber,  the  Inagli  complex,  where  the 
metasomatic  agent  is  approximately  known. 

The  Inagli  Complex  is  located  in  the  Aldan  Shield,  Yakutia,  30  km  SE  of  the  town  Aldan.  Its  geology  has 
been  described  by  Kortschagin  (1986).  The  circular  Complex  (3  km  diameter),  a  magma  chamber  eroded  to 
subvolcanic  level,  consists  of  a  massive  dunite  core  enclosed  by  a  succession  of  marginal  Cpx-rich 
cumulates  (Wehrlite,  Apatite-Phlogopite-Cpxite),  and  ring  intrusions  of  alkaline,  silica-undersaturated 
differentiates  (shonkinites,  malignites,  pulaskites).  The  dunite  core  has  accessory  primary  chromite  and  is 
cut  locally  by  a  stockwork  of  cm-thick  veins  of  apatite-phlogopite-clinopyroxenite  and  syenitic  pegmatoids. 
Our  samples  of  dunite  and  veins  come  from  drill  cores  in  the  area  of  this  stockwork.  The  parental  melt  to 
the  Inagli  complex  is  assumed  to  be  related  to  regionally  occurring  lamproite  dikes  and  diatremes 
(Machotkin  1993).  This  lamproitic  affinity  is  emphasised  by  the  high  Mg-#  (up  to  0.94)  of  dunite  olivine 
and  the  occurrence  of  extremely  Al-deficient  phases  like  tetraferriphlogopite. 

In  the  dunite,  very  minor  amounts  of  intergranular  Cpx  (<2  to  <0. 1  vol%)  form  poikilitic  networks  on  the 
grain  boundaries  of  olivine,  mimicking  the  morphology  of  a  partial  melt  volume,  and  are  associated  with 
phlogopite  replacing  olivine,  and  minor  magnetite  as  grain  boundary  films.  This  assemblage  represents  the 
infiltration  of  an  alkaline  silicate  melt  into  the  dunite  originating  from  the  clinopyroxenite  veins.  The 
syenitic  pegmatoid  veins  have  phlogopite  +  Cpx  at  vein  margins,  being  replaced  by  aegirine  +  alkali 
amphiboles;  the  vein  cores  are  albitized  but  have  an  undersaturated  relic  assemblage.  A  strongly  halogenic 
hydrous  fluid  was  released  from  these  veins  upon  solidification.  This  fluid  induced  richterite  blastesis  in  the 
dunite  and  clinopyroxenite  veins,  rims  of  tetraferriphlogopite  on  metasomatic  phlogopite,  and  marked 
leaching  of  olivine  and  Cpx  along  grain  boundaries  (increase  of  Mg-#  in  olivine  up  to  0.98).  Thus  in  the 
dunite,  effects  of  melt  infiltration  and  fluid  infiltration  are  superimposed. 

Analytical  methods 

Ultra-pure  separates  of  olivine,  Cpx,  phlogopite,  apatite,  amphibole,  spinel  have  been  hand-picked  for 
oxygen  isotope  analysis  at  the  RHBNC,  London,  utilizing  the  laser  fluorination  method  of  Mattey  & 
McPherson  (1993).  The  trace  element  composition  of  Cpx  and  other  phases  has  been  analyzed  in  situ  in 
five  representative  samples  using  the  Cameca  IMS  4f  ion  microprobe  at  the  CSCC,  University  of  Pavia, 
using  the  energy  filtering  technique.  Analytical  procedures  were  similar  to  those  described  in  Bottazzi  et  al. 
(1991)  and  Rampone  et  al.  (1993). 
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Fig.  1:  Normalized  trace  elements  of  Cpx  in  the  Inagli  samples  (representative  individual  ion  probe  spots). 
Chondrite  composition  of  Anders  &  Ebihara  (1982)  employed.  "Microinclusion"  refers  to  small  cpx 
inclusions  along  healed  fractures  in  dunite.  Note  its  similarity  to  Cpx  in  highly  evolved  syenitic  veins. 

Oxygen  Isotopes 

Oxygen  isotope  analyses  have  been  carried  out  on  23  separates  from  7  samples  comprising  dunite, 
clinopyroxenite  and  syenitic  veins,  and  circum-dunitic  differentiates.  Precision  of  analyses  according  to 
double  and  triple  determinations  of  separates  was  within  ±0. 1  %o  in  5180  in  most  cases.  Within  the  dunites 
and  clinopyroxenite  veins,  there  is  no  variation  in  oxygen  isotopic  composition  of  phases:  olivine,  5180  = 
5.4  %o,  Cpx,  5180  =  6.2  %o;  phlogopite,  6180  =  6.4  %o;  primary  spinel,  5,80  =3.2,  %o.  Also,  oxygen 
isotopy  of  Cpx  in  the  syenite  pegmatoids  is  not  different  (5180  =  6.2  %o)  at  Mg-#  as  low  as  0.40.  The 
oxygen  isotopic  composition  of  fluid  in  equilibrium  with  Cpx  (both  metasomatic  and  within  veins) 
calculated  from  the  fractionation  factors  of  Zheng  (1993)  is  5180  =  8.0  ±  0.2  %o,  which  is  a  primitive 
magmatic  value.  This  indicates  that  the  fluid  is  fully  derived  from  the  solidifying  melt,  and  any  external 
(crustal)  component  in  the  fluid  (and  in  the  melt)  can  be  excluded. 

Trace  Element  Compositions 

Ion  probe  in  situ  analysis  of  phases  (Cpx,  phlogopite,  amphibole,  apatite)  has  been  carried  out  on  5 
samples:  unveined  dunite,  dunite  with  clinopyroxenite  vein  (2  samples:  vein/wallrock  contact,  and  dunite  8 
cm  away  of  vein),  dunite  with  syenitic  vein,  circumdunitic  clinopyroxene  cumulate.  Analyses  are  heavily 
biased  towards  Cpx  as  trace  element  patterns  of  Cpx  are  frequently  used  in  mantle  xenoliths  to  infer  melt 
characteristics;  thus,  we  will  discuss  only  Cpx  here.  Cpx  of  all  samples  is  characterized  by  strong  LREE 
enrichment  (see  Fig.  1)  and  shows  marked  positive  (Sr)  and  negative  (Nb,  Zr,  Ti)  anomalies  (LaN  /NbN  = 
100-200  in  vein  and  dunite  Cpx,  up  to  400  in  circumdunitic  cumulate  Cpx).  The  overall  pattern  of  Cpx  is 
strikingly  similar  to  HFSE-depleted  patterns  of  mantle  Cpx  frequently  attributed  to  metasomatism  by 
carbonatite  melts  (e.  g.,  Hauri  1994).  The  positive  anomaly  for  Sr  is  regionally  present  in  alkaline 
magmatism  on  the  Aldan  Shield,  which  is  related  to  mesozoic  subduction  (Machotkin  1991).  In  syenitic 
pegmatoids,  the  Cpx  trace  element  patterns  evolve  rapidly  during  crystallization  to  attain  LaN  =  100  and 
higher.  During  this  development,  Zr/Zr*  fluctuates  frequently  between  <  0.1  and  2,  whereas  Ti/Ti* 
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increases  monotonous  from  0.04  to  1  in  the  youngest  aegirines.  This  abnormal  behaviour  of  Zr  is  controlled 
by  melt  alkalinity.  From  experiments  (Watson  &  Harrison  1983)  it  is  known  that  Zr  forms  Zr-Na-silicate 
complexes  in  silicate  melts  if  their  (Na  +K)/A1  >1,  greatly  increasing  Zr  solubility  in  melt  [resp.  decreasing 
DZr(Cpx/L)].  In  the  Inagli  syenite  pegmatoids,  this  coefficient  can  be  estimated  to  have  been  «  0.9  from 
amphibole  compositions.  Thus,  mixing  between  non-peralkaline  and  peralkaline  melt  batches  in  the  veins 
produces  wild  fluctuations  in  Zr  content  of  Cpx.  We  invoke  a  similar  effect  to  explain  that,  as  can  be  seen 
from  Fig.  1,  the  major  difference  in  trace  element  contents  of  metasomatic  Cpx  in  dunite  and  cumulus  Cpx 
in  clinopyroxenite  veins  is  an  increased  Zr/Zr*  in  the  former:  As  the  stable  spinel  in  the  vein  system  is 
magnetite,  the  melt  infiltrating  the  dunite  must  react  with  the  encountered  chromite  (Cr#  0.8).  This 
increases  A1  in  the  melt,  lowers  melt  alkalinity  and  increases  DZr(Cpx/L).  Consistent  with  this  is  that  the 
dunite  Cpx  is  slightly,  but  systematically  richer  in  A1203  than  vein  Cpx  (1.0  vs.  0.5  wt%),  and  the 
chromites  in  dunite  display  increasing  Cr#  (up  to  1.0)  at  their  rims.  Significantly,  Ti/Ti*  does  not  show 
similar  variations,  whereas  Nb  seems  to  be  correlated  with  Zr. 

Discussion 

The  composition  of  metasomatic  phases  (Cpx  +  phlogopite)  produced  in  the  Inagli  dunite  by  infiltrating 
lamproite-like  silicate  melt  is  strikingly  similar  to  Cpx  +  phlogopite  formed  in  metasomatized  mantle 
xenoliths  from  alkaline  volcanic  provinces  (e.  g.  West  Eifel,  Lloyd  et  al.  1991;  East  Africa:  Rudnick  et  al. 
1993).  In  recent  time,  carbonatite  has  been  favored  as  metasomatic  agent  in  these  and  other  metasomatized 
xenolith  suites,  based  on  the  discovery  of  marked  negative  HFSE  anomalies,  which  could  not  be  reconciled 
with  the  trace  element  composition  of  associated  volcanics,  but  were  similar  to  HFSE  anomalies  known  to 
occur  in  carbonatites  (e.  g.,  Hauri  et  al.  1994).  Our  results  from  Inagli  demonstrate  that  similar  HFSE 
anomalies  do  occur  also  in  Cpx  formed  from  an  extremely  Al-deficient,  alkaline  silicate  melt.  This  implies 
that  similar  melts  must  be  considered  as  alternative  possible  metasomatizing  agents  in  the  upper  mantle. 
Further,  if  the  partitioning  of  HFSE  between  a  metasomatizing  melt  and  its  products  (Cpx)  is  critically 
dependent  on  (Na+K)/Al  in  the  melt,  as  our  data  seem  to  indicate,  then  the  presence  of  negative  HFSE 
anomalies  in  metasomatized  mantle  xenoliths  may  simply  reflect  melt  alkalinity,  which  is  high  both  in 
carbonatites  and  lamproites.  In  the  Inagli  Cpx  moreover  a  different  behaviour  is  displayed  by  Zr  (and  Nb?) 
compared  to  Ti,  wich  could  be  caused  by  their  different  affinities  for  complex  formation  in  the  melt.  If  this 
is  correct,  then  slight  changes  in  alkalinity  of  an  alkaline  metasomatizing  mantle  melt  may  be  able  to 
fractionate  HFSE  from  each  other. 


References 

Anders,  E.  &  Ebihara,  M.  (1982):  Solar  system  abundances  of  the  elements.  Geochini.  Cosmochini.  Acta 
46,  2363  -  2380 

Bottazzi,  P,  Ottolini,  L,  Vannucci,  R,  (1991):  Determination  of  rare  earth  elements  in  sixteen  silicate  reference 

samples  by  secondary  ion  mass  spectrometry  using  conventional  energy  filtering  technique.  Geostandards 
Newsletter  15,  51-57 

Hauri  E.  H.,  Shimizu  N.,  Dieu  J.  J.,  Hart  S.  R.  (1994):  Evidence  for  hotspot-related  carbonatite  metasomatism  in 
the  oceanic  upper  mantle.  Nature  365,  221-227 

Kortschagin,  A.  M.  (1986):  Metasomatity  Inagli.  lzw.  AN SSSR,  Serija  geo/ogitscheskaja,  N8,  46-54 

Lloyd,  F.  E.,  Edgar,  A.  D.,  Forsyth,  D.  ML,  Barnett,  R.  L.  (1991):  The  paragenesis  of  upper  mantle  xenoliths  from 
the  Quaternary  volcanics  south-east  of  Gees,  West  Eifel,  Germany.  Miner.  Mag.  55,  95-1 12 

Machotkin,  I.  L.  (1991):  Lamproity  Aldanskoi  Prowinzii.  In:  Bogatikov,  O.  A.,  et  al.,  eds:  Lamproily.  Nauka, 
Moscow,  pp.  46  -  1 13  . 

Mattey,  D.  P.  &  McPherson,  C.  G.  (1993):  High-precision  oxygen  isotope  microanalysis  of  ferromagnesian 
minerals  by  laser-fluorination.  Chemical  Geology,  105,  305-318 

Rampone,  E,  Piccardo,  G,  Vannucci,  R,  Bottazzi,  P,  Ottolini,  L,  (1993):  Subsolidus  reactions  monitored  by  trace 
element  partitioning:  the  spinel-  to  plagioclase-facies  transition  in  mantle  peridotites.  Contrib.  to  Mineral, 
and  Petrol.  115,  1-17 

Rudnick  R.  L.,  McDonough  W.  F.,  Chappell  B.  W.  (1993):  Carbonatite  metasomatism  in  the  northern  tanzanian 
mantle:  petrographic  and  geochemical  characteristics.  Earth  Planet.  Sci.  Lett.  114,  463  -  475 

Watson,  E.  B.  &  Harrison,  T.  M.  (1983):  Zircon  saturation  revisited:  temperature  and  composition  effects  in  a 
variety  of  crustal  magma  types.  Earth  Plan.  Sci.  Lett.  64,  295  -  304 

Zheng,  Y.  F.,  (1993):  Calculation  of  oxygen  isotope  fractionation  in  anhydrous  silicate  minerals.  Geoch.  Cosmoch. 
Acta  57,  1079-1091 


702 


SEISMOLOGICAL  EVIDENCE  FOR  A  CORRELATION  BETWEEN  LITHOSPHERE 
AND  MANTLE  TRANSITION  ZONE 


J.  Gossler  &  R.  Kind 

(GeoForschungsZentrum  Potsdam,  Telegrafenberg  A17,  14473  Potsdam,  Germany) 

We  address  two  major  problems  in  geodynamics  with  seismic  data:  How  deeply 
do  the  continents  penetrate  into  the  mantle,  and  does  there  exist  another  reflector  in  the 
mantle  transition  zone  at  520  km  depth?  Differential  travel  times  of  underside  reflections 
Trom  these  discontinuities  that  appear  as  precursors  to  SS,  show  in  large  parts  of  the 
globe  a  clear  correlation  with  oceans  and  continents.  They  are  significantly  larger 
beneath  the  Asian  and  North  American  continents  than  underneath  the  neighbouring 
Pacific.  From  this  observation  we  conclude  that  the  Asian  and  North  American  continents 
penetrate  well  below  410  km  into  the  mantle.  Changes  of  the  thickness  of  the  transition 
zone  can  explain  our  observations,  which  are  in  agreement  with  the  hypothesis  of 
petrological  phase  changes  causing  the  410  and  660  km  seismic  discontinuities.  Weak 
reflections  from  520  km  depth  with  an  impedance  contrast  of  about  2  %  can  be 
observed  only  in  some  areas  of  the  Earth,  while  stacking  results  from  other  locations 
definitively  show  no  signal  from  this  depth.  Therefore  we  propose,  that  the  520-km 
reflector  is  only  a  regional  feature. 

Questions  as  to  the  depth  extent  of  continental  roots  and  the  nature  of  upper 
mantle  seismic  discontinuities  have  been  debated  for  decades,  and  without  definitive 
answers,  it  is  not  possible  to  derive  complete  geodynamic  models  [1].  Results  obtained 
from  global  seismic  tomography  show  that  variations  of  seismic  velocities  are  largest  in 
the  upper  300-400  km  of  the  mantle  and  are  closely  related  to  plate  tectonic  features, 
while  in  the  transition  zone,  i.e.  the  depth  intervall  between  the  410  and  660  km 
discontinuities,  seismic  velocities  vary  only  by  about  1  %  relative  to  reference  models 
and  only  some  continuity  exists  with  the  structure  of  the  overlying  mantle  [2].  In  this 
study  we  use  underside  reflections  from  the  410  and  660  km  discontinuities  that  appear 
as  precursors  to  SS.  Differential  times  of  these  reflections  contain  information  which  is 
related  mainly  to  the  structure  of  the  transition  zone  and  is  independent  of  the  structure 
above  410  km.  Earlier  observations  indicate  reduced  thicknesses  of  the  transition  zone 
in  the  Pacific  and  Indian  Ocean,  while  for  the  region  of  the  subduction  zone  of  the 
northwestern  Pacific,  conflicting  results  have  been  published  [3,  4].  Recent  long-period 
P-  and  S-wave  investigations  also  show  evidence  for  another  reflector  in  the  transition 
zone  at  520  km  depth  [3,  5],  although  this  is  disputed  [6]. 

The  data  used  in  this  study  are  long-period  recordings  from  the  Global  Digital 
Seismic  Network  for  the  years  1980-1991  distributed  by  the  US  Geological  Survey.  We 
selected  3100  SS  records  of  the  transverse-horizontal  component,  which  were  the  best 
out  of  8313  possible  ones  in  this  data  set.  Precursors  to  SS  are  very  weak  phases  and 
unambiguous  identification  is  rarely  possible  in  individual  records.  Since  the  signal-to- 
noise  ratio  of  SS  precursors  is  usually  small,  signal  processing  is  necessary  to  enhance 
these  phases.  It  consists  of  a  deconvolution  and  a  delay-and-sum  procedure  of  all 
records  with  bounce  points  in  a  defined  region.  Therefore  the  surface  of  the  globe  was 
divided  into  30  by  30  regions. 

Residuals  of  the  differential  traveltime  between  410-km  and  660-km  reflections 
range  from  -  10  to  +4  %  of  the  IASP91  [7]  times,  which  are  significantly  larger  than  the 
anomaly  obtained  from  S-wave  tomography  [2].  They  are  strongly  negative  in  the  region 
of  the  Pacific  and  Indian  Oceans,  and  positive  in  the  regions  of  the  Asian  and  North 
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American  continents.  No  reliable  data  are  available  for  the  continents  in  the  southern 
hemisphere.  It  is  important  to  note  that  the  continents  are  mostly  associated  with 
differential  times  that  are  larger  than  in  the  global  model,  while  the  oceans  have 
significantly  smaller  differential  times.  Applying  tomographicvelocity  corrections  [8] 
yields  that  the  transition  zone  is  about  5  km  thicker  under  continents,  and  9  km  thinner 
under  oceans  relative  to  the  IASP91  reference  model.  Peak  values  are  -21  km  in  the 
Indian  Ocean  and  +10  km  in  Northern  Siberia. 

The  findings  are  in  good  agreement  with  the  hypothesis  that  phase  transitions  in 
the  olivine  component  of  mantle  rock  cause  the  410  and  660  km  discontinuties.  The 
transitions  from  olivine-to-beta  phase  and  from  gamma  spinel-to-perovskite  plus 
magnesiowustite  structure  usually  associated  with  these  discontinuities  have  Clapeyron 
slopes  of  opposite  sign  such  that  the  inferred  thickness  change  of  about  14  km  implies  a 
temperature  contrast  of  about  100  C  between  the  oceanic  and  continental  transition 
zones  [1].  Here,  it  is  noteworthy  that  our  results  for  Northern  Siberia  (where  we 
observed  the  strongest  positive  anomaly)  support  the  hypothesis  of  an  old,  undisturbed 
platform,  because  even  its  transition  zone  is  colder  than  elsewhere. 

Additionally,  conclusions  about  the  existence  of  a  520-km  reflector  can  be 
derived  from  our  results,  because  we  used  enhanced  signal  processing  methods.  We 
tested  this  by  stacking  synthetic  seismograms.  Although,  there  are  some  areas  for  which 
such  a  decision  is  not  possible  because  of  an  increased  noise  level  of  the  stacking 
result,  we  can  identify  reflected  phases  from  this  depth  in  several  areas  of  the  world 
(India  and  Central  Asia,  Northwest  Pacific  Region,  Central  Southern  Pacific,  and  the 
Canadian  Shield),  while  at  other  locations  absolutely  no  520-km  reflection  phase  can  be 
observed  (Indian  Ocean,  Southeast  Asia,  Northeast  Pacific  and  Western  USA,  and  parts 
of  the  Polar  Region  and  the  North  Atlantic  Ocean).  As  we  could  exclude  sidelobe 
artifacts  as  a  reason  for  this  signal,  our  results  agree  with  the  regional  existence  of  a 
weak  520-km  discontinuity  with  an  impedance  contrast  of  about  2  %.  Other  reflectors, 
especially  at  220  and  900  km  depth  could  not  be  detected.  Because  polymorphic  phase 
transitions  at  the  upper  mantle  discontinuities  pose  no  hindrance  to  whole  mantle 
convection  [1],  in  contrast  to  compositional  changes,  our  data  support  whole  mantle 
convection.  However,  the  coverage  with  bounce  points  is  still  very  poor  in  many  regions 
of  the  world.  Future  work  using  data  from  additional  permanent  and  portable 
seismographs  should  complement  our  results. 
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MEANING  of  CARBON’S  ISOTOPES 
of  HYDRO  CARBON  INCLUSIONS 
at  MINERALS-SPUTNIC  FROM  KIMBERLITE  PIPE  MIR. 


Hydro-carbon  inclusions  were  determined  in  zircon  from  concentrate 
kimberlite  pipe  Mir.  With  the  method  of  low  temperature  spectrofluorim- 
etry  their  consistence  was  studied.  Consistence  of  hydro-carbon  inclu¬ 
sions  in  zircon  is  close  to  hydro-carbon  which  were  studied  earliar  in 
mineral-indicator  olivine  from  pipe  Udachnaya  (Daldino-Alkitaiskii  region) 
and  in  garnets  from  pipe  Mir  (Malo-Botoubinskii  region).  Aromatic  hy¬ 
dro-carbons  with  molecular  structure  of  alkinnaphtaline,  alkinfenatren  & 
piren  prevail. 

Hydro-carbon  inclusions  are  determined  in  minerals-indicators  of  the 
following  paragenesises:  in  olivines  from  magnezial  and  elmenite  ultraba- 
sic  rocks;  in  garnets  from  ilmenite  (magnezial  and  ferruginous)  and  mag¬ 
nezial  ultrabasic  rocks  and  alkremites;  in  zircon  from  ultrabasic  magna- 
zial  paragenesis. 

Meaning  of  5C  hydro-carbons  from  inclusions  at  zircon  are  close  to 
the  meaning  BrC  hydro-carbons  in  olivines  from  pipe  Udachnaya  and  in 
garnets  from  pipe  Mir;  they  occupy  field  of  meanings  of  isotopes  hydro¬ 
carbons  of  diamond  of  eclogite  paragenesis. 


So, hydro-carbon  inclusions  for  piropes  of  alkremite  paragenesis  are 
primary,  and  for  olivines,  garnets,  zircons  of  ultrabasic  paragenesis  are 
lowned. 


%0 


Pic.  Distribution  of  diamond’s  isotope  consistence  according  to  datas 
of  E.M.Galimov  (1993).  Arrows  indicate  datas  of  isotope  consistence  of 
hydro-carbons  from  garnets  of  the  pipe  Mir  (1988)  and  olivines  of  pipe 
Udachnaya  (1989). Field  of  meaningsS'fe  for  zircons  from  concentrate 
kimberlite  pipe  Mir  is  isolated. 
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DIFFERENT  SOURCES  OF  KIMBERLITES  AND  CARBONATITE  PARENT 
MAGMAS:  EVIDENCE  FROM  HIGH  PRESSURE  EXPERIMENTS  AND 
TRACE  ELEMENT  GEOCHEMISTRY. 


I.D.Ryabchikov 

Institute  for  Geology  of  Ore  Deposits  (IGEM),  35  Staromonetny 
Per.,  Moscow  109017,  Russia 

An  attempt  was  made  to  test  the  model  which  is  capable  ofexplaining  the 
extreme  differentiation  of  REE  in  kimberlites  and  lamproites.  This  model  invokes 
the  formation  of  small  fraction  melt  in  sublithospheric  mantle,  its  transfer  into 
lower  continental  lithosphere  and  second-stage  melting  of  this  enriched 
lithospheric  material.  Such  sequence  of  events  is  likely  to  happen  during  the 
ascent  of  deep  seated  hot  diapir:  it  reaches  its  solidus  buffered  by  the  presence 
of  small  amounts  of  volatile  constituents  during  the  decompression  at  some 
depth  below  the  lithosphere,  then  volatile-rich  near-solidus  melt  penetrates  into 
the  lithosphere  and  it  is  immobilized  there  due  to  the  cooling  or  reaction  with  the 
lithospheric  rocks.  After  this  the  melting  in  diapir  may  cease  due  to  the  loss  of 
volatile  components,  which  in  turn  results  in  the  abrupt  increase  in  solidus 
temperature.  Later,  diapir  rises  to  the  astenosphere-lithosphere  boundary  and 
causes  the  heating  of  the  lower  part  of  lithospheric  plate.  As  a  consequence,  the 
lithospheric  blocks  enriched  in  incompatible  and  volatile  components  by  the 
preceding  metasomatic  event  would  preferentially  suffer  partial  melting  and 
produce  magmas  with  even  more  differentiated  patterns  of  incompatible 
elements.  Similar  mechanism  was  proposed  to  explain  the  geochemical 
characteristics  of  posterosional  Hawaiian  magmas  (Watson,  1993). 

The  ranges  of  the  extent  of  melting  of  enriched  lithospheric  and  enriched 
lithospheric  material  (FI  and  F3),  the  fraction  of  diapir-derived  melt  added  to  the 
lower  lithosphere  (F2)  and  fraction  of  garnet  (FGa)  in  the  enriched  lithospheric 
material,  from  which  kimberlite  magma  was  derived,  have  been  estimated  on  the 
basis  of  the  modelling  REE  patterns  in  kimberlites. 

The  observed  REE  contents  in  kimberlite  require  that  the  primary  melt  be 
equilibrated  with  harzburgitic  residual  mineralogy.  This  is  consistent  with 
experimental  data  on  the  melting  relations  in  carbonated  peridotites  and  also  with 
the  suggested  role  of  refractory  harzburgites  as  traps  for  the  near-  solidus 
melts  transporting  incompatible  elements  (Ryabchikov  etal,  1993b;  Ryabchikov 
and  Hamilton,  1993). 

The  compositions  of  carbonate-rich  melts  which  may  be  in  equilibrium  with 
Iherzolite  mineral  assemblage  were  studied  experimentally  at  50  kbar 
(Ryabchikov  et  al.,  1993a).  These  results  were  used  together  with  data 
(Takahashi,  1986)  for  dry  melting  of  Iherzolite  permit  to  assess  the  composition 
of  partial  melts  as  the  function  of  C02  content  in  them.  The  comparison  of  group 
1A  kimberlite  composition  with  this  dependence  shows  that  it  is  characterized  by 
much  lower  Ca  contents  as  compared  to  Iherzolite  equilibrated  melts,  which 
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implies  that  silicate  liquids  of  these  model  compositions  are  more  likely  to  be 
equilibrated  with  residual  harzburgite.  Similar  conclusion  may  be  reached  on  the 
basis  of  near-liquidus  mineralogy  in  expriments  on  C02-  saturated  melting  of  the 
composition  similar  to  group  IA  kimberlites  (Brey  et  al. ,  1991)  :up  to  40  kbar 
olivine  only  was  observed  as  near  liquidus  mineral,  and  at  higher  PC02  the 
appearance  of  orthopyroxene  should  be  expected  due  to  the  carbonation  of 
olivine. 

The  selective  trapping  of  low  fraction  melts  transporting  incompatible 
elements  from  diapir  to  the  overlying  lower  lithosphere  by  harzburgites  may  be 
due  to  the  significantly  higher  solidus  temperatures  of  these  refractory  rocks  as 
compared  to  nondepleted  in  magmaphile  elements  Iherzolites.  This  mechanism 
was  previously  proposed  (Ryabchikov  et  al.,  1993b;  Ryabchikov  and  Hamilton, 
1993)  as  an  explanation  of  commonly  observed  confinement  of  metasomatic 
enrichment  in  highly  incompatible  elements  to  more  refractory  types  of 
peridotites.  It  may  be  equally  applicable  also  to  the  redistribution  of  incompatible 
elements  caused  by  the 
migration  of  silicate  melts. 

The  estimated  melt  fractions  at  various  stages  of  the  considered  complex 
process  were  used  to  access  the  behavior  of  CO2,  K2O,  P2O5  and  H2O.  The 
balance  of  CO2  during  this  process 

implies  that  primary  kimberlite. magmas  are  likely  to  be  generated  as  carbonate- 
saturated  melts.  In  this  case  C02  contents  in  them  may  approach  30  wt%  (Brey 
et  al.,  1991).  After  rising  to  the  depths  with  pressures  below  ca  50  kbar 
kimberlitic  melts  with  15  -30%  C02  should  evolve  gas,  and  this  may  trigger  fast 
transportation  of  the  magma  to  the  surface  due  to  the  hydraulic  fracturing  and 
crack  propagation  (Brey  et  al.,  1991;  Brey  andRyabchikov,  1994).  Because  in  the 
case  of  relatively  CaO-poor  kimberlites  it  should  happen  in  the  depth  range 
where  diamond  is  still  stable  it  may  provide  for  its  survival  due  to  the  very  rapid 
ascend.  By  contrast,  CaO-rich  Iherzolite-derived  magmas  will  retain  dissolved 
CO2  until  decompression  well  beyond  the  diamond  stability  field,  and  they  are  not 
likely  transporting  agents  of  this  mineral.  Such  melts  may  be,  however,  parent 
magmas  for  crustal  carbonatites. 
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